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Abstract
AN IMMUNOCHEMICAL ANALYSIS OF ALCOHOLIC HYALINE
AND ITS RELATIONSHIP TO KERATIN INTERMEDIATE FILAMENTS
by David L. Drexler
Alcoholic Hyaline (AH) and keratin intermediate fila
ments possess ultrastructural, biochemical and immunochem
ical similarities.

This study compares human AH, human

stratum corneum keratin (HSCK) and normal human liver cytokeratin (HCK) by quantitative immunochemical means, using
polyclonal as well as monoclonal antibodies.

Enzyme-linked

immunosorbent assays (ELISAs) were employed, as well as
nimmunoblotting" and immunocytochemical techniques.

HCK was

isolated using Triton X-100 and "high-salt” buffers and exhib
ited seven major polypeptide bands on SDS-PAGE (41-58 kd).
Antisera were made toward HCK and the two major HCK bands.
Other immunochemicals included antisera toward AH, the three
major AH bands, and HSCK, as well as 3 monoclonal antibodies
which were produced toward AH.

Immunoblot analysis of AH

demonstrated the presence of HCK-like determinants in each of
the major bands, but no HSCK crossreactivity was noted.
Quantitative ELISA demonstrated crossreactive components to
be particularly abundant in the major AH bands.

Studies using

antisera toward HCK and intact AH demonstrated a significant,
though moderate quantity of shared immunoreactive material,
while the major and most consistent AH bands appeared to be

composed principally of HCK-like constituents.

Comparison of

AH and HCK with epidermal keratin (HSCK), on the other hand,
demonstrated common immunoreactive components to be but minor
constituents, indicating a greater degree of tissue specific
ity than previously recognized.

This specificity was under

scored by monoclonal antibody IIB3, which reacted strongly
with liver cytokeratins (AH and HCK) but did not bind HSCK.
Two monoclonal antibodies with a more restricted immunocrossreactivity were also produced.

Monoclonal antibody IC1 was

directed toward a unique AH determinant not normally present
in the liver, the nature of which is not completely under
stood at this time, and antibody 11ID4 reacted with a deter
minant in the outer layers of the epidermis in a pattern
previously associated with keratinization-specific deter
minants.
esis.

Such determinants may be involved in AH pathogen

In summary, while intact AH appears to possess non-

cytokeratin, and possibly unique constituents in addition to
HCK-like components, the major and most consistent AH poly
peptides appear to be composed chiefly of immunoreactive-HCK
mat er i al .

These results would support a mechanism of AH for

mation which involves the condensation and collapse of normal
hepatocellular intermediate filaments as one of the steps.
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1.1.

INTRODUCTION

Alcoholic Liver Disease
Alcoholic Liver Disease is a major health problem in

this country.

It is estimated that the number of patients

with alcoholism in the United States exceeds 10 million
(Lieber, 1978), and alcoholic cirrhosis is the most common
form of chronic liver disease in the Western world (Kendell,
1979 ) .

In large urban centers, cirrhosis of the liver is

the third major cause of death in persons between 25 and 65
years of age (Lieber, 1978).
Alcoholic Liver Disease is the term used to describe
the spectrum of injury to the liver caused by acute and
chronic alcoholism.

It has three components:

1) alcohol ic

fatty liver, 2) alcoholic cirrhosis, and 3) alcoholic
hepatitis (LaMont et al., 1983).

These entities may exist

independently or coexist in the same liver.
Fatty liver is a regular feature of acute or chronic
alcoholic liver disease, but does not necessarily lead to
alcoholic hepatitis or cirrhosis.

In alcoholic fatty liver,

the parenchymal cells are usually diffusely abnormal with
the cytoplasm distended with fat vacuoles.
As liver disease advances and hepatocytes are destroyed,
fibroblasts are found at the sites of injury and collagen
formation is stimulated.

This ushers in the progressive
1

2
stromal collapse, fibrosis, and vascular distortion which is
defined as alcoholic cirrhosis.
Alcoholic hepatitis involves swelling, degeneration
and necrosis of hepatocytes in a centrilobular distribution.
This is accompanied by a strong polymorphonuclear inflam
mation.

The injury and subsequent scarring that occurs has

led people to suspect that this lesion is a precursor to
alcoholic cirrhosis.

While there is evidence that alcoholic

hepatitis, when present, may contribute to cirrhosis,
cirrhosis can also occur without this intermediate stage
(Lieber, 1984).
In 1911, the noted Boston pathologist F. B. Mallory
described a hyaline deposit within certain of the affected
hepatocytes in alcoholic hepatitis (Mallory, 1911).

This

lesion, present in 60-80% of patients (French et al. , 1977 ),
has since become known by the terms "Mallory body" or
"alcoholic hyaline" (AH) and is considered a hallmark of
alcoholic hepatitis.

Mallory originally considered this

lesion to be specific for alcoholic hepatitis, though he
questioned this concept in later years (Mallory, 1933).
Recently, Peters et al. (1982) demonstrated an immunological
relationship between AH and AH-like lesions in a number of
non-alcoholic liver diseases.

Hepatic conditions in which

AH-like structures have been described include primary
biliary cirrhosis (Monroe et al., 1973)

Indian childhood
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cirrhosis (Roy et al., 1971), Wilson’s disease (Gerber et
al . , 1973), hepatocellular carcinoma (Keeley et al., 1972),
Weber-Christian disease (Kimura et al
mellitus (Falchuk et al

• »

• t

1980 ) , diabetes

1980), focal nodular hyperplasia

of the liver (Wetzel and Alexander, 1979), abetalipoproteinemia (Partin et al

• y

1974), fatty liver in obesity (Adler

and Schaffner, 1979), alpha-1-antitrypsin deficiency (Peters
et al

• >

1975), drug-induced hepatocellular injury caused by

perhexiline maleate (Paliard et al

• f

1978; Lewis et al

• »

1979), 4-4’-diethylaminoethoxyhexestrol (Itoh and Tsukada,
1973) and glucocorticoids (Itoh et al

• j

1977), and as a

complication of jejunoileal bypass (Peters, 1977) or intestinal resection (Peura et al

• »

1980).

AH-like lesions have

also been described in the lung in such conditions as asbestosis (Kuhn and Kuo, 1973), radiation pneumonitis (Warnock
et al . , 1980 ) and adenocarcinoma (Michel et al

• »

1982).

It

would appear that to a certain extent, AH production is a
nonspecific response by certain kinds of cells to cellular
injury.

However, in many of these conditions, AH is either

quite infrequent, periportal rather than centri1obular , or
not directly associated with inflammatory changes,

Thus AH

remains an important criterion in the diagnosis of alcoholic
1iver disease.

4
1.2.

Alcoholic Hyaline and the Pathogenesis of Alcoholic
Hepatitis
In Mallory’s original observations on alcoholic

hepatitis, he noted that the cells containing these abnormal
hyaline deposits were surrounded and invaded by leukocytes
(satel1itosis) (Mallory, 1911).

He suggested that these

hyaline deposits might be important in the pathogenesis of
the disease.

It has not been possible to indisputably link

AH to the course or final outcome of the disease process in
each individual case (Schenker , 1984), but there is a con
siderable body of evidence suggesting the involvement of AH
in the immunological response seen in alcoholic liver dis
ease (Orrego et al

• »

1981) .

It is this possible role in the

pathogenesis of alcoholic liver disease that has provided
the major impetus for the study of this lesion.
Two mechanisms have been proposed whereby AH may be
involved in the development or perpetuation of alcoholic
liver disease.

The first, which stems from microscopic

observations, is the speculation that the presence of AH
might interfere mechanically with the distribution and
movement of organelles within the cell (Wiggers et al.,
1973; Denk et al

• ?

1979b).

The second emphasizes a

possible role in the immunological abnormalities which
occur in alcoholic liver disease.
Several findings suggest the involvement of AH in the

5
response seen in alcoholic liver disease.

Cells which

contain AH are often surrounded by polymorphonuclear leuko
cytes (Mallory, 1911) suggesting that AH may be chemotactically attractive.

Peters et al . ( 1983 ) reported that AH

stimulated mononuclear cells to produce a granulocyte
chemotactic factor.
1 iver (French et al

The lymphocytic infiltrates in the
• i

1977), the number of T-lymphocytes

(Strickland et al., 1975; Miller et al
Tapias et al

• »

• »

1977; Sanchez-

1977), and the corresponding depression in

peripheral blood T-cells (Strickland et al., 1975) corre
late with the presence of AH in the liver (French et al. ,
1979 ) .

AH can also stimulate the transformation of lympho

cytes (Zetterman and Leevy, 1975) and the production of
migration-inhibitory factor (Zetterman et al., 1976), fibrogenic factor (Chen et al

• >

1980) and transfer factor

(Kanagasundaram and Leevy, 1975).

The cytotoxicity of T-

lymphocytes preincubated with isolated AH is increased sig
nificantly (Sorrell and Leevy, 1972; Kakuma and Leevy, 1977).
In addition, there is a correlation between cytotoxicity
toward isolated autologous or heterologous liver cells by
lymphocytes derived from patients with alcoholic liver
disease and the presence of AH in the lymphocyte donor
(Paronetto and Vernace, 1975; Kakuma and Leevy, 1977;
Cochrane et al., 1977).
Humoral effects related to AH have also been reported.

6
AH antigen has been detected in serum at the onset of
alcoholic hepatitis and evokes an antibody response which
persists after AH has disappeared from the liver (Zinneman,
1975; Kanagasundaram et al • > 1977a and 1977b).

Liver and

kidney of patients with advanced alcoholic hepatitis or
active alcoholic cirrhosis have immune complexes which con
tain anti-AH IgG and IgA immunoglobulins (Kanagasundaram et
al., 1977a).

Immune complex nephritis in alcoholic cirrho

sis has been shown to contain AH antigen in complexes using
a monoclonal antibody to AH (Burns et al., 1983).
It has been speculated that AH may be one of several
neo-antigens that activate the cellular and humoral immune
systems (Leevy et al., 1976).

It is unclear, however,

whether AH is involved in the initial lesion of alcoholic
liver disease.

The immunological findings might be the

result, and not the cause, of the cellular abnormalities
induced by ethanol, and the role of AH may be only in the
perpetuation of liver damage (Bailey et al., 1976).
1.3.

The Ultrastructure of Alcoholic Hyaline
There have been many theories as to the cellular origin

of AH.

The original proposals relating AH to swollen mito-

chondria, damaged endoplasmic reticulum, and to other
decomposed cell organelles have not been substantiated
(Denk et al . , 1979b).

It is now established that AH is

composed of aggregated filaments.

The diameters reported
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have ranged widely from 3 nm to 23.5 nm depending partly
on how they are measured (Denk et al . , 1979b).

The pre-

dominant components of AH are unbranched tubular rods
14-20 nm in diameter which are coated with a dense, adherent
material (Wiggers et al., 1973; Franke et al., 1979b).

An

amorphous, granular material is often present at the center,
particularly in older lesions (Yokoo et al • > 1972 ) .
Yokoo et al . ( 1972 ) have described three main types of
AH.

Type 1 consists of parallel filament arrays while type

2 filaments, the predominant form of AH, are randomly
oriented.

In addition, type 2 filaments are more densely

stained than type 1 material.

Type 3 AH consists of a rim

of type 2 filaments which interdigitate at its border with
a granular, amorphous electron-dense material that makes up
the core.
the lesion.

These features are probably related to the age of
Type 1 AH is considered to be newly formed with

a progression toward the type 3 morphology as the lesion
ages .
The wide range of filament diameters reported has made
it difficult to suggest a relationship with any of the nor
mal filamentous organelles of the cell based on morpholog
ical similarities alone.

The cytoskeleton of the cell is

composed of 3 types of filaments.

There are microfilaments

such as actin which are 5-6 nm in diameter, microtubules
which are 20-25 nm in diameter, and the intermediate fila-
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ments (IFs) which are 8-11 nm in diameter.

IFs can be

divided into 5 classes using immunological and biochemical
criteria (for a review, see Lazarides, 1980).
extent, IFs are tissue specific,

To a large

The filaments in mesen-

chymal cells, such as fibroblasts, contain a 56-58 kd sub
unit called vimentin; muscle cells contain a 50-54 kd subunit protein called desmin; glial filaments in astrocytes
contain a 50 kd subunit called glial fibrillary acidic
protein; the neurofilaments of central and peripheral
neurons contain three proteins of 200, 150 and 68 kd;
and the keratin (cytokeratin) class of filaments, present
in epithelial cells and many tissues and glands embryologically derived from epithelia, such as the liver, contain
subunits that vary in size from 40-68 kd.

In a recent

report by Moll et al. (1982), the human cytokeratins have
been cataloged and 19 separate polypeptide components have
been distinguished by their mobilities on one- and twodimensional gel electrophoresis.

The patterns of expression

of these components vary between different epithelia and
their tumors.

It is felt that most, if not all, of the

different cytokeratin polypeptides are products of specific
mRNAs (Moll et al., 1982).

Besides this great diversity of

subunit classes, there are also quite striking species
differences within certain classes (Lazarides, 1980).
Although IFs are formed from a great variety of biochem-

9
ically and immunologically distinct protein subunits, their
structure is highly conserved.

It has even been shown that

morphologically normal filaments which contain both vimentin
and desmin subunits can be formed (Quinlan and Franke, 1982).
This is unlike actin or tubulin, the subunit proteins of
microfilaments and microtubules, respectively, which are
themselves highly conserved from cell to cell and from
species to spec ies .

One of the central questions of IF

structure is to discover how so many different proteins can
form morphologically similar IFs.

Although a complete

understanding of the molecular biology of IFs has yet to be
achieved, the current model, based on an analysis of the
amino acid sequences of more than 30 different IF subunits,
was recently presented and reviewed by Steinert et al .
(1985).

It is clear from various analyses of secondary

structure that all IFs are built on a common plan.

This

consists of a central a-helical rod domain of 311-314 amino
acids which has a highly conserved secondary structure,
flanked by end domains of variable size and chemical
structure.

It appears that the conserved rod domains are

responsible for the assembly of various subunits into
morphologically similar filaments, while the variable
domains might confer some kind of functional specificity
within different cells.

The manner in which these subunits

aggregate to form higher-order polymers in IFs is uncertain
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at the present time.

The subunits appear to form two-chained

coiled-coil molecules which further align to form putative
four-chain building blocks. These tetramers may be the basic
structural unit of the IF itself.
Immunological studies suggested that AH may be related
to the keratin class of IFs.

AH binds antibodies toward

keratin IFs from a number of sources (Denk et al . , 1979a and
1979b), but does not bind those raised against actin (Franke
et al. , 1979b)

tubulin (Franke et al . , 1979b) or vimentin

(Franke et al . , 1979b; Denk et al

• >

1979a).

Another similarity between AH filaments and inter
mediate filaments is their solubility characteristics
(Okamura et al., 1975); they are very resistant to solubili
zation with many solvents.

Treating AH filaments with cer

tain detergents results in removal of the adherent material
coating the aggregated filaments.

They are then the same

diameter as normal hepatocellular IFs (French, 1981; Irie
et al., 1982 and 1984).
From the results of many studies such as those cited
here, it appears that AH is composed of aggregated inter
mediate filaments closely related to the keratin class,
coated with some as yet undefined electron-dense material.
This has been a major breakthrough in the study of the AH
lesion and has ushered in a new era of research on the
nature and pathogenesis of this lesion.
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Since AH possesses a unique stability and insolubility
in many solvents (Okamura et al

• »

1975), it can be readily

isolated using biochemical techniques.

Several different

methods have been reported and are in use.

Preparations

yielded by various isolation procedures give rise to dissim
ilarities in the protein composition of the isolate, as
assessed by gel electrophoresis (Denk et al . , 1979b and
1982a; Tinberg, 1981b), and unfortunately not all have
reported their purities.

The method employed in our labo

ratories was developed by Tinberg et al. (1978).

It involved

sedimentation through a ficoll viscosity barrier, and rou
tinely yielded purities of 95-99%.

Gel electrophoresis

indicated a preparation composed of four major bands of 38 kd,
50-51 kd (doublet) and 56 kd (Tinberg, 1981a), placing them
within the molecular weight range seen for the keratin IFs.
While the bulk of material in AH has generally been
found to be protein, carbohydrates are also present.
Luisada-Opper et al. (1977) suggest that AH may be a glyco
protein.

They have reported AH isolates to contain 12%

reducing sugars including acetyIglucosamine, hexosamine and
deoxysugars.

Periodic acid-Schiff stains of gels after

electrophoresis were positive for carbohydrate.

Tinberg et

al. (1978), however, did not demonstrate PAS-positive protein
bands or sialoproteins on gel electrophoresis, though neutral
hexoses were present (0.65 to 2.4 umol of glucose equivalents

12
per mg protein).

The presence of neutral hexoses was also

suggested by the fact that concanavalin A resulted in agglu
tination of isolated AH and that fluorescein isothiocyany1concanavalin A (FITC-Con A) bound to AH (Tinberg et al., 1978).
The binding of FITC-Con A to AH has been noted to be somewhat
uneven .

This has been interpreted by some to suggest that

the sugars associated with AH may be contaminants nonspecifically bound in S-iLu or during isolation (French, 1981).
AH has been shown to nonspecifically bind a variety of
substances including human IgA (Zinneman, 1975), rabbit IgG
(French et al. , 1979 ), ruthenium red (Wiggers et al., 1973 ),
peroxidase-antiperoxidase (Sim and French, 1976), and horse
radish peroxidase (Tinberg et al

• »

1979a).

Because horse-

radish peroxidase binding was reduced when neutral hexoses
were present during the incubation step, it is postulated
that AH filaments possess lectin-like activity (Tinberg et
al., 1979b; Tinberg and Mednick, 1980).

Intermediate fila

ments have been shown to possess similar properties (Osborn
et al. , 1977 ; Linder et al

• >

1979).

Lazarides (1980) has

suggested that the avidity of IFs to bind proteins may
provide a mechanism by which normal IFs intersect with mem
branes to provide structural support and integration of
intracellular organelles.
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1.4.

The Mechanism of Alcoholic Hyaline Formation
A major advance in the study of AH has been the devel

opment of an animal model allowing several approaches to the
study of AH biogenesis which are not possible using human
material.

An animal model permits study of the formation

and dissolution of AH under controlled experimental condi
tions on a large scale.

In addition, the material isolated

from the animal source is free from gross post-mortem
changes which confuse biochemical findings.

Since the

initial description of AH in 1911 (Mallory, 1911), workers
have attempted to produce AH by feeding alcohol to labora
tory animals.

It is possible to routinely produce cellular

derangements including fatty liver and cirrhosis (Popper and
Lieber, 1980) in primates and megalo-mitochondria in rodents
(Denk et al., 1979b), but not the unique filamentous aggre
gates indicative of AH.

Success was finally achieved with

the discovery that long-term treatment with griseofulvin , an
anti-microtubule agent (Weber et al., 1976), will reproducibly induce a lesion in mice which has been shown to be very
similar to AH, both morphologically and ultrastructurally
(Denk et al

• >

1975 and 1976), as well as immunochemical 1y

and immunocytochemically (Tinberg, 1981b).

Biochemical anal

ysis reveals slight dissimilarities (French, 1981; Tinberg,
1981b), however, and Denk et al. (1979a) report minor immuno
chemical differences as well.
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There are currently three hypotheses regarding the
pathogenesis of AH:

1) the "microtubular failure” hypoth

esis, 2) the "preneoplasia” hypothesis and 3) the "vitamin A
deficiency" hypothesis.
The first hypothesis, that of "microtubular failure",
is based on the observation that conditions causing a
decrease in microtubules result in a concomittant increase
in intermediate filaments in a perinuclear location within
the cell (Franke et al., 1979d; Borenfreund et al., 1980b).
Denk et al. (1979a) have noted that quite often AH is first
noted in a perinuclear location as well.

It is postulated

that AH formation may result from this pathological increase
in amount of intermediate filaments caused by agents
favoring microtubular disassembly (French et al., 1977).
The griseofulvin-treated mouse system supports this
postulate, since griseofulvin is an anti-microtubule agent
(Weber et al. , 1976) and also causes AH formation (Denk et
al . , 1975 ) .

Alcohol metabolism has also been associated

with microtubule disassembly in hepatocytes (Baraona et al • »
1977; Matsuda et al., 1979).
with this hypothesis, however.

There are several difficulties
First is the fact that AH

does not develop after acute administration of alcohol or
griseofulvin as would be expected if the link between microtubular disassembly and AH formation were a direct one.

Gris

eofulvin must be administered several months for AH to appear.
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However, withdrawal of the drug results in disappearance of
AH.

If griseofulvin is then readministered, it initiates a

rapid reappearance of AH, a phenomenon which resembles the
peculiar, enhanced susceptibility of alcoholics to repeated
attacks of alcoholic hepatitis with AH formation (Leevy et
al., 1978).

The above may suggest that AH formation is a

multistep process (Orrego et al., 1981) with microtubular
failure being but one of the terminal events (Denk and
Eckerstorfer , 1977 ).

Recent work by Irie et al. (1982) and

Berman et al. (1983) have also shed doubt on the "microtubular failure" hypothesis.

Using electron microscopy and

morphometric analysis, they did not find any decrease in the
number of microtubules in AH-containing cells.
The second hypothesis, the "preneoplasia" hypothesis,
was suggested by Borenfreund et al. (1979 and 1980a) and
French et al. (French and Burbige 1979; Ihrig et al., 1980).
Borenfreund et al. (1980a) studied a diethyInitrosamineinduced rat hepatocellular carcinoma cell line which forms
AH-like inclusions in tissue culture and in transplanted
tumors in athymic nude mice.

This cell line exhibited many

malignant characteristics at the time AH was observed and
gamma glutamyl transpeptidase (GGT), an oncofetal enzyme, was
found to be closely associated with AH formation.

A similar

relationship between AH and GGT activity has been noted in
the livers of griseofulvin-fed mice (Ihrig et al., 1980;
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Tazawa et al., 1983).

Griseofulvin has also been reported to

be carcinogenic (Rusta and Shubik, 1978).

Ihrig et al .

(1980) suggested that AH formation in griseofulvin-fed mice
represents a GGT-associated preneoplastic change analogous to
changes occuring in preneoplastic liver cells as a result of
exposure to other carcinogens (Kalengayi et al
et al., 1977).

• >

1975; Solt

It has been proposed that AH formation is a

genetically-controlled neoplastic characteristic, since AH
biogenesis is a heritable trait of the hepatocellular carci
noma cell line (Ihrig et al., 1980).
Borenfreund et al. (1980a) have suggested that AH
formation may be caused by induction of a protein kinase
which enhances phosphorylation of cytoskeletal filaments,
resulting in filament disorganization and AH formation.
Butyrate, which induces alkaline phosphatase in the rat
hepatocellular carcinoma cell line, caused AH to disappear
and a concomitant loss of cellular neoplastic behavior.
Neoplastic features and AH-like filaments recurred when
butyrate was removed from the culture medium (Borenfreund
et al., 1980a).

AH disaggregation, therefore, may result

from a dephosphorylation of filaments due to the increased
alkaline phosphatase activity with restoration of normal
endoskeletal organization.

Denk et al. (1979b), however,

have expressed doubt that the AH-like lesion produced in the
rat hepatocellular carcinoma cell line discussed above is

17
ultrastructurally identical to the AH of alcoholic hepatitis.
French (1981) pointed out that this hypothesis may not be
applicable to man since AH-like lesions occur in chronic
human liver diseases, such as Wilson's disease, which do not
lead to hepatocellular carcinoma.

However, Nakanuma and

Ohta (1985) reported that AH formation was associated with an
increased frequency of hepatocellular carcinoma formation in
certain types of human cirrhosis (HBsAg-positive and crypto
genic cirrhosis).
The "vitamin A deficiency" hypothesis proposed by Denk
et al. ( 1979a) and Franke et al . ( 1979b) suggests that
vitamin A deficiency may induce AH formation through a path
ological form of keratinizat i on.

Vitamin A deficiency can

cause squamous metaplasia and keratinization of various epithelia which are normally secretory, mucus-producing tissues.
It can cause the urinary bladder epithelium, esophagus,
salivary gland ducts and trachea to undergo squamous meta
plasia with cornification (Hicks, 1975).

It has also been

demonstrated that vitamin A levels can affect the cytokeratin expression and terminal differentiation of cultured
human keratinocytes (Fuchs and Green, 1981).

Alcoholics

commonly have low vitamin A levels in their livers (Leo and
Li eber, 19 82 ).

Chronic ethanol exposure also results in

depressed hepatic vitamin A content in experimental animals
(Sato and Lieber, 1981).

The mechanism by which the vitamin
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A content is reduced in the face of ample dietary vitamin A
(Lieber, 1984) is not known.

Denk et al. (1979b) have sug

gested that the vitamin A deficiency results from malabsorp
tion of lipid-soluble substances and/or lack of vitamin A
activation.

Lieber (1984), arguing against the malabsorption

mechanism, cited the fact that ethanol has been shown to
induce certain microsomal pathways.

He suggests that

ethanol may alter the metabolism of vitamin A by inducing a
microsomal pathway for its metabolism, thus increasing the
vitamin A requirement.

As another possible explanation

French (1981) points out that there is a decreased number
of Ito cells (which store vitamin A) in liver biopsies from
patients with alcoholic liver disease.
A possible mechanism by which pathological keratinization might be involved in AH biogenesis is suggested by Irie
et al. ( 1984) .

It is demonstrated in this study that the AH-

like filaments present in griseofulvin-treated mice are resis
tant to a Ca^+ -dependent proteolysis to which normal IFs are
susceptible .

Denk et al. (1982a) have reported that the AH-

like lesions from griseofulvin-treated mice contain several
polypeptide bands of higher molecular weight (above 60,000)
on gel electrophoresis.

These bands are biochemically and

immunochemically related to certain epidermal keratin bands
which may normally be specific to sources which have under
gone a process of keratinization (Moll et al., 1982), and
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these polypeptides may contain determinants which are not
normally present in the liver.

Irie et al (1984) suggest

that these epidermal keratin-like components may be respon
sible for the added stability of the AH filaments in the
presence of the calcium-induced proteolysis which destroys
the normal IFs of the cell.

This pathological keratini-

zation may then change the kinetics of filament assembly
and dissolution, favoring the growth of filament aggregates.
Fuchs and Green (1981) have demonstrated that decreased
vitamin A levels cause cultured keratinoeytes to begin pro
duction of these high molecular weight keratins,

It should

also be mentioned, however, that not all studies of the AHlike lesions of griseofulvin-treated mice have demonstrated
the presence of consistent and major polypeptide bands cor
responding to the high molecular weight keratin components
(Tinberg, 1981b).
1 .5.

Objectives of the Present Study
Hepatocytes and epidermal cells contain intermediate

filaments of the keratin class; however, there appear to be
immunochemical dissimilarities between the filaments present
in the two cell types.

Immunofluorescence microscopy fails

to permit visualization of distinct cytoskeletal components
in hepatocytes La S.L1U using antibodies to bovine and human
epidermal prekeratin which show a wide range of immunologic
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cross-species reactivity with epidermal cells (Franke et al.,
1978, 1979a and 1979c; Sun et al., 1979).

This lack of

reactivity is not due to an absence of intermediate fila
ments in hepatocytes since Franke et al. (1979c) have demonstrated their presence using electron microscopy,

In an

attempt to explain this quandary, Denk et al. (1981) hypoth
esized that the cytokeratin filaments of hepotocytes might
be "masked” in §_i_Lu or might differ in chemical composition
and/or antigenicity from those of epidermal cells.

Using

antibodies toward cytokeratin isolated from mouse liver
cells, they were able to visualize distinct cytoskeletal
components in hepatocytes which could not be demonstrated
with antibodies toward epidermal prekeratin.

Antibodies

toward hepatocellular cytokeratin were also found to react
quite strongly with both hepatocytes and epidermal cells.
These results indicate the presence of dissimilarities
either in the antigenic determinants, or in the antigenicity
or accessibility of those determinants in the two cell types.
Further demonstration of the tissue specific properties of
these keratin systems is provided by the report of a mono
clonal antibody specific for the keratins of glandular epithelia, including those of hepatocytes, which does not react
with the keratin present in epidermal cells (Ramaekers et
al . , 1983 ) .
While normal liver cells do not stain consistently with
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antibodies to epidermal prekeratin, AH stains quite strongly
(Denk et al., 1979a; Franke et al., 1979b).

It was hypoth-

esized from these immunocytochemical studies that AH contains
a substantial quantity of epidermal prekeratin-1 ike componen ts .

While immunocytochemistry is a useful tool, it is

not ideal for comparative studies of this type; a quantitative approach must be utilized.

In a previous study from

our laboratories, Tinberg and Mednick (1981) designed an
enzyme-linked immunosorbent assay (ELISA) to provide quanti
tative assessment of the magnitude of crossreactivity between
the epidermal prekeratin and AH filament systems,

11 was

concluded from these studies that epidermal prekeratin-like
components, while present in isolated AH, were but minor
constituen ts.
There are several reports in the literature which indi
cate that AH may contain a preponderance of normal liver
cytokeratin-1 ike components.

In a study reported by Denk et

al. (1982a), each of the electrophoretic bands of the iso
lated murine AH-like lesion reacted with antisera toward
liver cytokeratin (using immunoblot analysis), while only
certain of these bands bound antisera toward epidermal
keratins.

In addition, McGee et al. (1982) report that two

of three monoclonal antibodies made toward human AH show
immunologic reactivity with liver cytokeratins, but not
those of the skin.
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The present studies attempt to clarify the relationship
between the human AH and normal human keratin filament
systems (liver and epidermal) using polyclonal, as well as
monoclonal, antibodies and a quantitative technique.

Special

emphasis has been placed on testing the hypothesis that human
AH filaments are closely related to the intermediate filament
system of the normal hepatocyte, which may be immunochemically dissimilar to epidermal keratins.

2. MATERIALS AND METHODS

2.1.

Isolation of Cytoskeletal Components
2.1.1.

Alcoholic Hyaline (AH).

AH was isolated from

human livers obtained at autopsy using a variation of the
Ficoll viscosity barrier procedure of Tinberg et al. (1978).
All isolation procedures were carried out at 4°C unless
otherwise indicated.

In brief, 15-25 g tissue was ground

for 2 minutes at top speed in an Osterizer (Osterizer model
855-36K; Sunbeam Corp., Milwaukee, WI) in ice-cold isolation
medium [0.8 M sucrose, 5 mM tr i s(hydroxymethy 1)ami nomethane
(Tris), 5 mM disodium ethylenediaminetetraacetic acid (EDTA)
and 1 mM sodium azide, pH 7.5, with NaOH].

Four milliliters

of isolation medium were used per gram of liver (wet weight).
The homogenate was poured through four layers of surgical
gauze to remove large chunks of tissue.

It was then filtered

twice through a wad of "fine grade” glass wool (Corning Glass
Works, Corning, NY) to remove connective tissue.

Following

filtration, the homogenate was centrifuged at 1500 r.p.m.
(365 X g) for 10 minutes (Beckman model J2-21 centrifuge,
Beckman JA-14 rotor; Beckman Instruments, Inc., Palo Alto,
CA) .

The supernatant was carefully decanted and the pellet

was resuspended in isolation medium using 10 strokes in a
loose fitting Bounce homogenizer (Wheaton Scientific, Mill23
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ville, NJ) and diluted with isolation medium to pre-spin
volume.

The suspension was re-centrifuged at 1500 r.p.m. for

10 minutes.

The pellet was washed an additional two times,

until the supernatant was nearly clear and colorless.

The

pellet was resuspended in 0.25 M sucrose using a Dounce homogenizer to a volume of 30 ml and carefully, but rapidly,
layered over 30 ml of previously chilled Ficoll 400 (40 to
45%; Sigma Chemical Co., St. Louis, MO).

Since Ficoll 400

lots differ significantly in viscosity, the concentration
must be increased if low viscosity lots are used.

The

samples were centrifuged at 24,500 r.p.m. (103,000 X g) for
30 minutes (Beckman L5-75B ultracentrifuge, Beckman SW-28
rotor).

The centrifuge tube was cut below the sucrose-ficol1

interface using a large pair of scissors and the ficoll phase
was decanted.

The pellet, consisting of AH, was suspended in

deionized water, diluted to approximately 30 ml and centri
fuged at 5500 r.p.m. (3000 X g) for 10 minutes (Beckman model
J2-21 centrifuge, Beckman JS-13 rotor).

The pellet was

washed two more times in this manner and suspended with the
Dounce homogenizer at a protein concentration of 1-3 mg per
ml as determined by the method of Lowry et al. (1951).
All of the preparations used in the present studies were
95-99% pure.

Purity was judged by light microscopy following

hematoxylin and eosin staining.
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2.1.2.

Normal Human Liver Cytokeratin (HCK).

HCK was

prepared from liver obtained at autopsy from patients who
had died of causes other than liver disease, and who did not
have a history of excessive alcohol consumption.
were stored at -20°C until used.

Tissues

(This study was approved

by the Human Studies Subcommittee of the Veterans Administra
tion Hospital, Loma Linda, CA.)
HCK was prepared by modification of the procedure
described by Franke et al. (1981a) for cytokeratin isolation
from mouse livers.

Because of the firmer consistency of the

human tissue, a more vigorous homogenization was required
for adequate tissue disruption.

Additional wash steps were

incorporated for removal of contaminating cytoplasmic mate
rials which were present due to the nature of the starting
material (autopsy derived).

In addition, partially purified

material was layered over 60% sucrose for centrifugation and
removal of nuclear contamination (Marushige and Bonner,
1966 ) .
The procedure was carried out as follows (see flow chart,
Fig. 1).

Seven grams (wet weight) of liver was thawed to 4°C,

rinsed three times with TNM buffer (10 mM Tris-HCl, 140 mM
NaCl , 5 mM MgCl 2

’

pH 7.6), minced with scissors, and rinsed

three more times with buffer.
colorless by this final rinse.

The buffer should be nearly
An attempt was made to remove

as many red blood cells as possible.

A 10% homogenate

26

Figure 1.
tion procedure.

Normal human liver cytokeratin (HCK) isola-
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(vol/vol in TNM buffer) was then prepared. [All homogeniza
tions involved five double strokes in a 40 ml Wheaton Dounce
Tissue Grinder using the "A" pestle (Wheaton Scientific)
followed by three double strokes in a Wheaton Potter-Elvehjem
Tissue Grinder with teflon pestle using a Con-Torque power
unit (Eberbach Corp •

»

Ann Arbor, Ml)j.

The homogenate was

centrifuged for 15 minutes at 5000 r.p.m. (3000 X g) (Beckman
J2-21 centrifuge with JS-13 rotor).

The resulting pellet was

chalky-grey toward the bottom with a top layer containing
brownish pigments.

After two washes (consisting of resuspen

sion in TNM buffer by means of vigorous homogenization as
described above followed by centrifugation at 3000 X g for 15
min), the pellet was resuspended by homogenization in 25 ml
TNM buffer, carefully layered over 60% (wt/vol) sucrose, and
centrifuged at 24,000 r.p.m. (103,000 X g) for 30 minutes
(Beckman L5-75B ultracentrifuge with SW-28 rotor),

The

interface, approximately 4 mm in thickness, was carefully
removed with a suction device, then resuspended by homogeni
zation in 25 ml TNM buffer, and centrifuged at 3000 X g.
The pellet was washed two more times (as described previ
ously), homogenized in 25 ml TNM buffer containing 1%
Triton X-100 (Fisher Scientific Co., Fair Lawn, NJ), and
incubated for 1 hour at room temperature with gentle stir
ring.

Following incubation, the mixture was centrifuged

at 3000 X g, washed twice in TNM buffer, and homogenized
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in 25 ml "high salt-detergent" buffer (TNM buffer with
1.5 M potassium chloride and 1% Triton X-100).

The prepa

ration was incubated overnight at 4°C with gentle stirring.
After the incubation step, the pellet obtained at 3000 X g
was washed twice with TNM buffer and once with deionized
water .

This final, chalky-grey pellet was then prepared

for filament reconstitution (Section 2.1.2.1.) or electro
phoresis (Section 2.2.).
The final part of the procedure involved isolation of
the "integral" HCK components by preparative gel electro
phoresis (Section 2.2.1.).

This further assured the purity

of the preparations by removing non-integral polypeptide
bands.
2.1.2.1.
Filaments.

Reconstitution of Solubilized Intermediate

HCK preparations were subjected to solubilization-

reconstitution as described by Franke et al. (1981a).

The

pellet was dissolved in 10 mM Tris-HCl buffer (pH 9.0)
containing 25 mM 2-mercaptoethanol and 4 M guanidine hydro
chloride.

Insoluble material was removed by centrifugation

at 35,000 r.p.m. (100,000 X g) for 60 minutes (Beckman L5-75B
ultracentrifuge with type 40 rotor).

Reconstitution was

initiated by controlled dialysis against several changes of
Tris-HCl buffer (pH 7.0) containing 20 mM 2-mercaptoethanol .
2.1.2.2.

Electron Microscopy.

Native HCK preparations

and reconstituted samples were examined by electron micros-
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copy as a control for the preparation,

Fixation and proces-

sing of the sample were performed using methods described
by McDowell (1978).

Sections of 60-70 nm were made with a

Sorvall Ultramicrotome MT5000 (DuPont Instruments, Newtown,
CT).

These were double stained with uranyl acetate and lead

citrate as described by McDowell (1978) and were examined
and photographed using a Zeiss EM-10 electron microscope.
2.1.3.

Human Stratum Corneum Keratin (HSCK) •

The

keratin of stratum corneum was prepared from human plantar
callus by the method of Sun and Green (1978).

The protein

was lyophilized for storage and reconstituted in 0.1% SDS
at a concentration of 1 mg/ml prior to use.
2.2.

Electrophoresis Techniques
Electrophoresis reagents and the vertical slab gel

electrophoresis cell used in these studies were obtained
from Bio-Rad Laboratories (Richmond, CA).
2.2.1•

Preparative Gel Electrophoresis.

HCK prepara

tions (Section 2.1.2.) were solubilized for preparative gel
electrophoresis by resuspension in 2 ml of a solution
containing 10% 2-mercaptoethanol and 5% SDS.

The solution

was then boiled for 5 minutes, diluted with an equal volume
of the electrophoresis sample buffer described by Tinberg et
al . ( 1978 ), and boiled another 2 minutes,

Insoluble material

was removed by a 10 minute centrifugation at 3000 X g prior
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to application to the gels.
Preparative gel electrophoresis was carried out using a
modification (Tinberg, 1981a) of the procedure of Lindstrom
et al . ( 1979 ).

Following SDS gel electrophoresis in a 1.5

or 3 mm slab, the bands were located by a quick staining
method (staining with 0.25% Coomassie brilliant blue and
destaining were done in 50% methanol-0.5% acetic acid over a
period of less than 15 minutes to minimize fixation of
protein), excised, homogenized in deionized water, and
extracted with 0.5% SDS for 24 hours.

The extracts were

then lyophilized, extracted with methanol (-20°C) to remove
Coomassie blue, and dialyzed against 0.1% SDS.

The dialyzed

extracts were then lyophilized and resuspended in deionized
water.

The effectiveness of the extraction was assessed by

analytical SDS-gel electrophoresis.
2.2.2.

Sodium Dodecyl Sulfate-Polyacrylamide Gel

Electrophoresis (SDS-PAGE).

SDS-PAGE was carried out using

the discontinuous gel system of Laemmli (1970).

Samples

were solubilized in 1.25% SDS and 1% 2-mercaptoethanol
(Tinberg et al., 1978) and subjected to electrophoresis on a
3% stacking gel and a 10% running gel.

Staining for protein

was by the method of Fairbanks et al. (1971).

Molecular

weights were determined following calibration with purified
molecular weight standards (Pharmacia Fine Chemicals, Pisca-
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taway, NJ).
2.3.

Antisera Production
A number of antisera utilized in this study were previ

ously prepared as part of ongoing investigations in the
Alcohol Research Program and were generously donated for use
in this study,

These antisera included anti-AH, anti-56K,

anti-doublet , anti-38K (antisera toward individual AH
polypeptides, see Tinberg and Mednick, 1981), and antisera
toward normal mouse liver cytokeratin (anti-MCK), which were
prepared in guinea pigs, as well as anti-HSCK which was
prepared in rabbits.

Other antisera, anti-HCR, anti-HCK

band A and anti-HCK band E were prepared specifically for
the present study using a previously reported immunization
procedure (Tinberg, 1981a).

The antigens were solubilized

in 0.5-1.0% SDS, mixed 1:1 (vol/vol) with Freund’s complete
adjuvant (1 ml total volume) and injected intramuscularly
into the hind legs of male Dunkin-Hart1ey guinea pigs.
Booster injections in incomplete adjuvant were administered
at days 14 and 28.

Animals were bled by cardiac puncture on

day 38 and sera were prepared.

Preimmune serum was obtained

prior to immunization.
2.4.

Monoclonal Antibody Production
Monoclonal antibodies against AH were produced using

the method of Kohler and Milstein (1975 and 1976).
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NSI/l-Ag4-l (NS-1) (non-secreting BALB/c derived myeloma
cells) preparations were obtained from the Immunology
Laboratory of the Department of Biomedical Sciences,
University of California at Riverside.

Cells were cultured

in a 5% CO^ incubator (Sheldon Manufacturing Inc

• >

For 11 and ,

OR) and all manipulations and feedings were carried out in
a laminar flow hood (Germfree Laboratories, Inc

• »

Miami, FL).

NS-1 cells were fed three times a week and were main
tained at a cell density of between 3 X 10^ and 5 X 10^
cells/ml.

The growth medium used was identical to hybridoma

cell culture medium II (Table I) with two changes.

The

concentration of fetal calf serum (Irvine Scientific,
Santa Ana, CA) was 10% rather than 20%, and 10 ug/ml
6-thioguanine (Sigma Chemical Co.) was added to the medium.
The 6-thioguanine selects for mutant NS-1 myeloma cells
which have lost hypoxanthine-guanine phosphoribosy1 transferase (HGPRT).

These mutants are quite stable (Kohler and

Milstein, 1976).
2.4.1 Imnunization Schedule.

AH was solubilized in

0.5-0.1% SDS, mixed 1:1 (vol/vol) with Freund’s complete
adjuvant, and injected intraperitoneally into BALB/c mice
(Simonsen Laboratories, Freemont, CA).

A total volume

of 0.4 ml containing 75 ug protein was injected,

Two

booster injections in incomplete adjuvant were administered
at 3 weeks and at 7 weeks.

Five and one-half months after

34
Table 1
Hybridoma Solutions
RPMI 1640a: reconstitute to 4X volume (concentrated 4X) ;
sterile filter; store in aliquots at 4°C
MEDIUM I: (500 ml)
125 ml RPMI 1640 (4X)
1 g sodium bicarbonate
300 ml DI H2o
adjust pH to 7.2 (IN HC1); bring to 500 ml
(DI H2o) sterile filter; store at 4°C
MEDIUM II: (250 ml)
62.5 ml RPMI 1640 (4X)
50.0 ml Fetal Calf Serum*3
2.5 ml Glutamine (29.2 mg/ml)/ Penicillin (10,000
U/ml)/ Streptomycin (10,000 ug/ml)b
2.5 ml Fungizone (250 ug/ml)b
0.9 ml mercaptoethanol (1:1000 in Medium I)
0.5 g sodium bicarbonate
bring to 200 ml (DI H2o); pH to 7.2 (1 N HC1); bring
to 250 ml (DI H2o); sterile filter; store at 4°C
HAT MEDIUM: (1000 ml)
13.60 mg Hypoxanthine (H)
4.40 mg Aminopterin (A)
7.26 mg Thymidine (T)
add to Medium II; adjust pH to 7.2 (1 N HC1);
bring to volume; sterile filter; store at 4°C
HT MEDIUM:

(1000 ml)

13.60 mg Hypoxanthine (H)
7.26 mg Thymidine (T)
add to Medium II; adjust pH to 7.2 (1 N HC1);
bring to volume; sterile filter; store at 4°C
a Roswell Park Memorial Institute Medium 1640.
Irvine Scientific, Santa Ana, CA.
^Obtained from Irvine Scientific

Obtained from
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the initial injection, 150 ug AH in 0.15 ml saline was admin
istered intravenously.

The spleen cells were isolated and

fused three days later.
2.4.2.

Fusion Procedure.

cervical dislocation.

Mice were sacrificed by

Their spleens were removed using

aseptic technique and dissociated through a sterile, fine
meshed, stainless steel screen into a sterile, 60 mm petri
dish containing Hanks Balanced Salt Solution (HESS).

Chunks

were broken up by drawing the cell suspension in and out of
a Pasteur pipet.

The suspension was transferred to a

sterile, disposable 50 cc centrifuge tube and allowed to
settle on ice for 5 minutes.

The supernatant was then

pipetted into a clean 50 cc centrifuge tube and centrifuged
in the cold (4°C) for 6 minutes at 1200 r.p.m. (Beckman TJ-6
centrifuge with a TH-4 rotor).

The supernatant was decanted

and the pellet brought up in 10 ml of medium II without
fetal calf serum (see Table I).

Cell counts were done in 2%

acetic acid, to lyse red cells, and viability was assessed
using trypan blue.

NS-1 myeloma cells (1.5 X 107) in log

phase growth were mixed with spleen cells (1.5 X 10^) in a
sterile, disposable 50 cc centrifuge tube and centrifuged at
1200 r.p.m. for 6 minutes.

All but 1 ml of the supernatant

was decanted and the pellet was disrupted with gentle
shaking.

One milliliter of the polyethylene glycol solution

[50% polyethylene glycol in RPMI 1640 (Bethesda Research
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Laboratories, Gaithersburg, MD)J was added over 1 minute
while the tube was held at a 45° angle and rotated.

The

tube was then centrifuged at 1600 r.p.m. for 3 minutes
(Beckman TJ-6 centrifuge with a TH-4 rotor).

Precisely 8

minutes after the addition of PEG was begun, 1-2 ml of
serum-free medium II was added with gentle shaking to
disperse the PEG without disturbing the pellet,

Serum-free

medium II (20 ml) was then added, once again making sure not
to disturb the pellet, and the tube was centrifuged at 1200
r.p.m. for 5 minutes.

The supernatant was decanted and the

pellet resuspended in 75 ml medium II (with 20% fetal calf
serum).

One milliliter aliquots were dispensed into each

well of three 24-well tissue culture plates (Flow
Laboratories, Inc
2.4.3.

• 9

McLean, VA).

Selection of Fusion Products.

Twenty-four

hours after fusion (day 1) 1 ml of HAT selection medium
[hypozanthine , aminopterin and thymidine (Sigma Chemical
Co.)] (Littlefield, 1964) (Table I) was added to each well.
On day 2, 1 ml medium was removed from each well and
replaced with 1 ml HAT medium.
and day 8.

This was repeated on day 4

One milliliter of medium was removed and

replaced with 1 ml HT medium (Table I) on day 10 and again
on days 11 and 12.

Beginning on day 17, the cells were fed

at 2-3 day intervals with medium II by removing 1 ml of the
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culture fluid and replacing it with fresh medium.

Medium

from hybridoma-containing wells was retained for testing of
anti-AH activity.
2.4.4.

Clonal Selection.

contained hybridomas.

By day 17, 30 of 72 wells

These wells were screened for AH-

specific antibody production by testing the culture super
natant using the enzyme immunoassay described below
(Section 2.5.1.).

Cells from the wells which tested posi-

tive were then cloned twice by limiting dilution.

Cell

suspensions were diluted to 5 cells/ml, then dispensed at
0.2 ml per well into several 96-well culture plates.

This

resulted in the growth of a single clone in slightly more
than 50% of the wells.

Antibody-positive cells which

appeared to have grown up from a single clone were taken
through limiting dilution a second time.

The cell line was

then considered to be producing monoclonal antibody.

Large

amounts of antibody-containing supernatant were grown up in
large (75 cm^) tissue culture flasks with serum-free HB102
medium, a synthetic medium adapted for growing NS-1 cells
and NS-l-derived hybridomas which contains only 3 proteins
(human transferrin, bovine insulin, and bovine serum albumin),
and no immunoglobins (New England Nuclear, Boston, MA).
2.4.5.

Isotype Analysis.

Immunodiffusion was employed

for distinguishing the class and subclass of the monoclonal
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an tibodies .

It was carried out using 1% agarose (ICN Phar-

maceuticals, Inc.) in 0.9% NaCl .

Specific antibodies were

purchased from Litton Bionetics, Inc. (Kensington, MD).
Culture supernatant from hybridomas grown with serum-free
HB102 culture medium was the source of the antibody and was
concentrated 10-20 fold, in selected cases.
2.5.

Enzyme-linked Immunosorbent Assays (ELlSAs)
2.5.1 .

ELISA).

Monoclonal Antibody Detection (Solid-Phase

Antigens [0.5-1.0 ug, 100 ul in 0.1 M sodium

carbonate, (pH 9.8)] were adsorbed to the microtiter test
wells (96-well Linbro/Titertek plates, Flow Laboratories,
Inc.) by incubating for 1 hour at 37°C.

Unbound antigen

was removed by aspiration and the wells were washed three
times with 0.01 M sodium phosphate-0.15 M NaCl buffer (pH
7.2) containing 0.05% (wt/vol) Tween 80 (PBS-T).

Culture

fluid was diluted 1:1 with PBS-T containing 10 mg/ml bovine
serum albumin (to decrease nonspecific binding),

The

diluted samples (100 ul) were added to the wells containing
adsorbed antigen and incubated at room temperature for 1
hour.

The samples were then aspirated and the wells washed

3 times with PBS-T.

Peroxidase-conjugated goat anti-mouse

immunoglobulin (IgG + IgM + IgA) (appropriately diluted in
PBS-T) was added and the plates were incubated another hour
at room temperature.

The plates were again washed 3 times
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with PBS-T and the peroxidase activity remaining in the
wells was determined by the 2,2’-amino-di-(3-ethyIbenzthiazoline sulfonic acid)-hydrogen peroxidase (ABTS-H2o2) system
(Al-Kaissi and Mostratos, 1983).

After 30 minutes of color

development, the reaction was stopped by adding 0.1 ml of 4
mM sodium azide to each well.

The absorbance at 405 nm was

determined using an enzyme immunoassay plate reader made by
Bio-Tek Instruments, Inc. (Burlington, VT).

All absorbances

reported were corrected for non-specific binding of both test
antibodies and second antibody, carried out using antigen-free
test wells.
2.5.2.

Non-competitive Assay for Antigen.

The proce

dure utilized was a modification of the method described by
Tinberg and Mednick (1981) (see flow chart, Fig. 2).

In

brief, test antigen was incubated in the presence of appro
priately diluted antiserum for 3 hours at room temperature.
(As before, antisera dilutions were made in PBS-T containing
10 mg/ml bovine serum albumin to reduce nonspecific binding.)
Following the incubation, 0.1 ml aliquots of the reaction
system were transferred to the wells of a microtiter plate
containing 0.5-1.0 ug of adsorbed reference antigen (the anti
gen against which the antiserum was made).

The next steps

were essentially identical to those described above for the
ELISA and utilized the appropriate horseradish peroxidase
(HRP)-conjugated second antibody.

Standard curves were con-
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Figure 2.

Non-competitive enzyme-1inked immunosorbent

assay (ELISA) procedure.

(See text for further detail.)
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structed using the ratio B/B

o > which is the absorbance at

any antigen concentration normalized to the value at zero
soluble antigen.
2.6.

Immunofluorescence Microscopy
For general aspects of this procedure, see Johnson et

al . ( 1978).

Slides (teflon coated, twelve 9 mm wells per

slide, Shandon Southern, Sewickley, PA) were acid washed
and coated with gelatin prior to use.

The acid wash

consisted of a one hour incubation in 1.0% acid alcohol
(concentrated HC1 with ethanol, vol/vol), a thorough rinsing
with deionized water, and a 5 minute incubation in 95%
ethanol with gentle stirring.
dried at 37°C.

The slides were then oven

Slides were coated with gelatin by immersing

them in a 0.5% (wt/vol) solution of gelatin (Difco
Laboratories, Detroit, MI) which had been gently heated
until the gelatin was in solution.

The slides were then air

dried.
The samples were snap frozen as described by Johnson et
al . ( 1978) and 6 micron sections prepared.

The sections

were air-dried onto the slides and then routinely fixed by
placing them in -20°C methanol for 10 minutes, followed by 5
minutes in -20°C acetone.

For examination of isolated AB, a

drop containing AH in deionized water (1-3 mg/ml) was airdried onto the slide, fixed as described above and processed
in the routine manner to be described.

The sections were
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rehydrated by soaking them in phosphate buffered saline
(PBS) for 10 minutes.

Sections were covered with appropri

ately diluted antisera and incubated at room temperature for
45 minutes in a humidified chamber.

The sections were then

washed for 30 minutes in PBS with gentle stirring,
solution was changed a single time at 5 minutes,

The wash
Fluorescein-

conjugated second antibody (Cappel Scientific Division,
CooperBiomedical, Inc., Malvern, PA) was then added and incubated for another 45 minutes.

This was followed by a 2 hour

wash in PBS with gentle stirring.

The wash solution was

changed at 5 minutes and again at 1 hour,

The slides were

mounted with a solution containing 90% glycerol (Fisher Scien
tific Co.) and 10% PBS.

The edges of the coverslip were

sealed with fingernail polish.

At no time during the proce-

dure were the sections allowed to dry completely.

Th e slides

were examined using a Leitz immunofluorescence microscope
obtained from E. Leitz, Inc. (New York, NY) and photographed
using a Leica M2 camera and ColorSlide 1000 film from 3M (St.
Paul, MN).
Controls included pre-immune sera and NS-1 supernatant
from nonproducing hybridomas.
2.7.

Immunoblot Analysis
Immunoblot analysis allows visualization of antibody

reactivity with proteins which have been separated by gel
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electrophoresis.

Following electrophoresis on polyacryla

mide gels, proteins were electrophoretically transferred to
nitrocellulose sheets by the method of Towbin et al. (1979).
The transblot electrotransfer chamber and nitrocellulose
membrane were obtained from Bio-Rad Laboratories.

Immunolog-

ical detection of proteins was as described (Towbin et al.,
1979) with slight modification.

In brief, the electro

phoretic blots were soaked in 3% bovine serum albumin in sa
line (0.9% NaCl/10 mM Tris-HCl, pH 7.4) for 1 hour at 37°C to
saturate additional binding sites.

They were rinsed in saline

and incubated for 2 hours at room temperature with antiserum
or hybridoma supernatant diluted (1:1000) into saline con
taining 3% bovine serum albumin.

The sheets were washed in

saline and incubated for 2 hours at room temperature with
horseradish peroxidase-conjugated second (indicator) antibody
(Cappel Scientific).

Horseradish peroxidase-conjugated IgG

preparations (goat anti-guinea pig and goat anti-mouse) were
used at 1:2000 dilutions in saline containing 1% BSA.

For

color development, the blots were soaked in a 10 mM Tris-HCl
buffer (pH 7.6) containing 0.5 mg 3,3’-diaminobenzidine (Sigma
Chemical Co.) per ml and 0.01% H^c^.

The reaction was termi-

nated after 20-30 minutes by washing with water.
were then dried between filter paper.

Th e blots

3.
3.1.

RESULTS

Isolation of Normal Human Liver Cytokeratin (HCK)
3.1.1.

Isolation Procedure.

To date, most studies

addressing the relationship between normal keratins and the
pathological filaments of human alcoholic hyaline (AH) have
utilized preparations obtained from different species and
tissues (e .g

• >

bovine epidermal keratins and human AH).

The

only studies comparing the normal hepatic filaments with the
pathological ones were done with a mouse model.

Biochemical

(Tinberg, 1981b) as well as immunological (Denk et al . ,
1979a) dissimilarities have been demonstrated between human
AH and the murine AH-like lesion, and evidence of the tissue
specific properties of the keratin IFs is growing (Ramaekers
et al. , 1983 ) .

It is clear, therefore, that truly

meaningful comparative studies must involve preparations
from the same source (tissue and species), preferably human.
In the absence of an established procedure for the isolation
of cytokeratins from normal human liver we developed our
own using the method reported by Franke et al. (1981a) for
cytokeratin isolation from mouse liver as a starting point.
Dissimilarities between mouse and human liver tissue neces
sitated modifications (Section 2.1.2.) which are explained
below.
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Due to the nature of the starting material (autopsy
derived) and the firmer consistency of the human tissue,
more vigourous homogenization was required for adequate
tissue disruption.

The number of washing steps was increased

to remove contaminating cytoplasmic materials.

In addition,

partially purified material was centrifuged through a barrier consisting of

sucrose,

This step, utilized previ-

ously in preparing AH-like filaments from griseofulvin-treated
mice (Tinberg, 1981b), was employed to reduce nuclear contam
ination (Marushige and Bonner, 1966), which has been found to
be particularly troublesome in preparations from tissues which
have been frozen prior to use (Tinberg et al., 1978).
3.1.2.

SDS-Gel Electrophoresis.

The polypeptide compo

sition of the final isolate was assessed by SDS-PAGE.

Prepa-

rations consisted of seven major polypeptide bands, labeled A
to G (Fig. 3), with apparent molecular weights of 58, 55, 52,
49, 45, 43 and 41 kd, respectively,

Preparations from differ-

ent livers displayed a similar pattern of bands,

There was

some variability between preparations from a single liver,
with bands A, B, E and F being most consistent, and bands A
and E demonstrating the most intense staining.

A strong band

G appeared to be correlated with a diminution of band D, and
a densely stained band D was often associated with light
staining of band C.

Such interpreparation variability appears

to be a consistent finding of investigators working with
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Figure 3.

SDS-polyaerylamide gel electrophoresis of

normal human liver cytokeratin (HCK).

Lanes 1 and 4 are

different preparations from the same liver and demonstrate
the interpreparation variability which was noted in these
prepar ations .

Lane 2 contains twice as much protein as

lane 1 to allow clearer visualization of the variably
staining minor bands and background staining,

The HCK

bands are labeled to the left of lanes 1 and 4.

Molecular

weights of the cytokeratin components (from top to bottom)
are as follows:

A) 58,000; B) 55,000; C) 52,000;

D) 49,000; E) 45,000; F) 43,000; andG) 41,000.

Slot 3

contains reference proteins, from top to bottom:
phosphory lase b, bovine serum albumin, ovalbumin, carbonic
anhydrase, soybean trypsin inhibitor, alpha-1actalbumin.
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3

4

49
murine liver cytokeratins as well (Denk et al. , 1981; Franke
et al . , 1981a).

In addition to these major bands, several

minor components and a slight degree of background staining
were also present.

The inconsistent staining intensities of

these minor bands suggested a nonintegral nature of these
components.

Similar bands and background staining were also

noted by Denk et al . (1981) in isolations from murine liver
using a similar procedure.
Although yield determinations have limited use in
methods such as the one described due to selective solubi
lization, recoveries were calculated based on protein.

A

typical preparation, beginning with 213 mg of liver protein
(7 g wet weight), resulted in a greyish-white pellet con
taining 25 mg of protein (approximate yield 11.7%).
3.1.3.

Electron Microscopy.

Isolated material was

fixed, sectioned and examined by electron microscopy.
The preparation consisted of an interlacing meshwork of
randomly oriented filamentous structures (Fig. 4).

Many

of the filaments appear to be branching, although the
apparent branches could also be interpreted as filaments
crossing over one another.

This morphology is consistent

with that reported for a number of intermediate filaments,
including human liver cytokeratin La S.Ltu (Franke et al
1979c; French et al . , 1982 ).

• >

In addition to filaments, the

preparation also contained some amorphous materials, the
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Figure 4.
cy toker atin.

Electron micrographs of normal human liver
Cytoskeletal material was prepared as described

in the text (section 2.1.2.). (A, x 67,000; B, x 115,000).
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nature of which was unclear.

Nuclear material and plasma

membrane structures were minor contaminants.
Examination of the preparation following solubilizationreconstitution experiments (Section 2.1.2.1.) revealed fila
ment structures as well as dense aggregates of granular
material of unknown nature (not shown).

A nearly identical

pattern of filaments and aggregates was reported by Franke
et al . (1981a) for reconstituted IF preparations.

SDS-gel

electrophoresis of the reconstituted preparation revealed
a pattern of bands which did not differ from those present
before solubilization (not shown).
3.1.4.

Preparative Gel Electrophoresis.

The region

of the gel containing the seven major cytokeratin bands was
excised and the components isolated as a group using pre
parative gel electrophoresis.

This procedure effectively

removed purported non-cytokeratin material such as high
molecular weight and possible proteolysis fragments (Fig. 5).
HCK polypeptide band A and polypeptide band E, the major and
most consistent of the seven bands, were also purified by
preparative gel electrophoresis (Fig. 5).

These purified

components were utilized as antigens for the preparation of
antisera and for all further immunochemical studies.
3.2.

Characterization of HCK
The HCK isolate was further characterized by examining
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Figure 5.

Re-electrophoresis of electrophoretically

purified normal human liver cytokeratin (HCK) components.
Lanes 2 and 5 contain cytoskeletal proteins prepared from
human liver as described (section 2.1.2.).

Lane 1 contains

the 7 "integral" cytokeratin bands which were purified as a
group using preparative gel electrophoresis (section 2.2.1.).
Lanes 3 and 4 represent electrophoretically purified band A
and band E polypeptides, respectively.
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its relationship with other known keratin intermediate
filament proteins from the liver [alcoholic hyaline (AH) and
normal mouse liver cytokeratin (MCK)j and skin [human
stratum corneum keratin (HSCK)].

These proteins have each

been extensively characterized in previous reports.
3.2.1.

SDS-Gel Electrophoresis.

The biochemical

relationship between HCK and other keratin-class inter
mediate filaments was examined by comparing polypeptide
profiles (Fig. 6).

AH preparations displayed major bands

of 38 kd, 46-49 kd (doublet) and 56 kd (Fig. 6).

The AH

polypeptide profile also contained a number of variablystaining minor components, and a degree of variability in
the staining intensity of certain bands was noted in prepa
rations from different livers.

Such variability has been

noted previously (Tinberg et al., 1978).
HSCK patterns contained bands in the 45-60 kd range
(48.5, 52, 56 and 59.5 kd) corresponding qualitatively with
certain of the AH bands (Fig. 6).

The HSCK patterns were

distinctive in possessing two bands of higher molecular
weight (62 and 64 kd) which do not appear to be major or
consistently distinguished components of AH.

It has been

hypothesized that these high molecular weight components may
be characteristic of keratinizing epithelia (Moll et al.,
1982).

A pair of bands of just slightly higher electropho

retic mobility (61 and 63 kd) can at times be distinguished
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Figure 6.

SDS-polyacrylamide gel electrophoresis of

cytoskeletal proteins from normal human liver (HCK)

(lanes

6 and 10) in comparison with alcoholic hyaline (AH) (lanes 1
and 8), human stratum corneum keratins (HSCK)

(lanes 3, 7

and 9), and mouse liver cytokeratin (MCK) (lane 5).
10 contains HCK prior to
phoresis step.

Lane

the final preparative gel electro

Lane 6 contains fully purified HCK.

The

molecular weights of the major AH polypeptides (indicated
by markings to the right of lane 1) from highest to lowest
are as follows: 56K, 56,000; doublet, 46,000-49,000; 38K,
38,000.

Molecular weights for the 6 HSCK polypeptides

(lane 3) are (from top to bottom):
56,000; 52,000; and 48,500.
proteins as listed in Fig. 3.

64,000; 62,000; 59,500;

Lanes 2 and 4 contain reference
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in AH patterns when the gel is heavily loaded, but they are
not consistent.
Electrophorograms of HCK preparations were qualitatively
similar to those of AH samples, consisting of seven major
components possessing molecular weights of 41 through 58 kd
as described previously (Section 3.1.2.).

No clearly and

consistently discernible bands resembling the higher molec
ular weight polypeptides of HSCK were noted.

Comparison of

these three patterns run on gels simultaneously (Fig. 6)
demonstrates a fairly close correspondence between the mid
dle pair of HSCK bands and HCK bands A and B.

The 56 kd band

of AH very nearly coincides with HCK band B, and on a heavily
loaded gel an AH band corresponding to HCK band A is at times
perceptible.

Other apparent correspondences were noted

between the lower of the AH doublet bands and HCK band D and
between the 52 kd HSCK band and HCK band C.

A number of

variably staining AH bands (from one to three in number)
approximately coinciding to HCK bands E through G were often
pr esen t.
HCK displayed a nearly identical pattern to that of
mouse liver cytokeratin (MCK) isolated by the method of
Franke et al. (1981a).

The major HCK bands, bands A and E,

appear to have a slightly higher electrophoretic mobility
than the corresponding major bands of MCK.
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3.2.2.
3.2.2.1.

Immunochemical Studies
Antibodies.

HCK was further characterized

by examining its immunochemical relationship with other
keratin intermediate filament systems using a number of anti
sera and antibodies as probes.

Antisera produced against AH

and major AH polypeptides (anti-56K, anti-doublet and anti38K) were elicited in guinea pigs.

The specificity of these

antisera has been described previously (Tinberg and Mednick,
1981).

Briefly, these antisera displayed considerable cross

reactivity (i.e., anti-56K reacted with doublet and 38K
antigens, etc.).

Preimmune serum obtained from animals prior

to immunization did not react with the antigens of interest.
In an effort to obtain antibodies with reduced immunocrossreactivity, a number of monoclonals were produced
against AH.

Three positive antibodies, IC1 (IgGl), IIB3

(IgG2), and 11ID4 (IgM) were obtained and used for compar
ative immunochemical analysis.
An HSCK antiserum produced in rabbits was also used.
Although rabbits appear to produce a spectrum of auto
antibodies against intermediate filament components (Osborn
et al . , 1977 ), our studies indicated that at high dilutions
(>1:750) preimmune serum did not react with the antigens
used in our investigations (by ELISA and immunoblot analysis).
3.2.2.2.

Reaction of Antibodies with HCK, AH and HSCK.

Quantitative assessment of the crossreactivity of these anti-
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bodies with HCK, in comparison with other keratin interme
diate filament proteins, was provided by ELISA techniques.
3.2.2.2.1.

Solid-Phase ELISA.

Each of the antisera/

antibodies listed on Table 2 reacted with HCK.

The level of

binding to HCK was particularly high for antibody IIB3 and
the antisera toward individual AH polypeptides,

Each of the

antisera toward AH components displayed a greater degree of
reactivity with HCK band E than with band A, but monoclonal
antibody IIB3 reacted to very nearly the same degree with HCK
and the two isolated HCK bands.
In assessing crossreactivity with HSCK, a moderate
level of crossreactivity was noted between HCK and antiHSCK.

However, antibody IIB3, which reacts strongly with

HCK (as well as AH), was without reactivity toward HSCK,
indicating the presence of tissue specific determinants.
Crossreactivity between AH and HSCK was very slight,

The

results indicate that the 56 kd and 38 kd bands of AH may
contain a slightly higher concentration of determinants
crossreactive with HSCK than the doublet bands or intact AH.
Since this initial characterization uses only a single
antiserum toward HSCK and five different antisera/antibodies
toward AH, it is difficult to accurately compare the cross
reactivity between HCK and AH with that between HCK and HSCK.
Anti-AH and anti-HSCK display the same degree of binding to
HCK.

Further studies using other techniques and additional
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Table 2
Relative reactivities (B/B valuesa)
antibodies toward
AH-derived proteins and Hs8k with adsorbed intermediate
filament antigens by ELISA.

Adsorbed Antigen*3
An tibody

HCK
Band A

HCK
Band E

0.37

0.25

0.90

HSCK

HCK

*c

0.04

An ti-AH

1.0

An ti- 5 6K

1 .0

*d

0.34A

0.85

0.23

1 .11

Ant i -Doublet

1.0*e

0.02a

0.90

0.19

1.10

An t i - 3 8K

1 .0

0.3 4A

0.74

0.38

0.97

I IBS

1.0*g

0.02

1 .34

1 .10

1 .26

Anti-HSCK

0.10

1 .0

0.32

0.17

0.13

*h

a B/Bo values: Absorbance at 405 nm (B) was normalized to
the value of the reference protein (B0) .
Reference proteins are labeled with an
as terisk . Absorbance values for all antigens were obtained in a single run except
where indicated (A). These indicated val
ues were obtained on a subsequent run which
included the same reference protein using
identical antiserum dilutions.
b0.5 ug/well of each protein was adsorbed to microtiter
test plates.
hBo=1-47

fB°=l.42

!B°=1.48
gBo=1-59
“Bo=l.08

B
hD°=0.71
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antisera will be necessary to fully assess the relationship
between HCK and HSCK.

From an assessment of the reactivity

of all five antisera/antibodies toward AH-derived components,
however, it is clear that there is a close relationship
between HCK and AH.

This is especially evident from the

results with antisera toward isolated AH polypeptides.
These antisera displayed nearly the same degree of binding
to HCK as to AH.
Since we do have multiple antisera/antibodies toward
AH-derived components we can compare, with some accuracy,
the relationship between AH and HCK with that between AH
and HSCK.

It seems clear from the results that the AH is

more closely related to HCK.

Each of the antisera display

greater binding to HCK than to HSCK.

Monoclonal antibody

IIB3 appears to define a determinant which is found only
in the liver keratins, and is present to comparable degrees
in both AH and HCK.
While the preceeding results indicate a close relation
ship between AH and the HCK isolate, the reactivity dis
played by the other two monoclonal antibodies emphasizes
the fact that this immunochemical relationship is not one
of complete concordance.

Monoclonal antibody IC1 defines

a determinant which appears to be unique to the AH type of
intermediate filament, or to some other component present
in the isolated hyaline body (Fig. 7), and antibody 11ID4
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Figure 7.

Differential reactivity of monoclonal

antibody IC1 toward AH, HSCK and HCK-derived proteins
adsorbed to microtiter test plate wells.
ELISA, Section 2.5.1.).

(Solid-phas e
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reacts with a determinant which is particularly abundant
in HSCK preparations (Fig. 8).
The relationship between HCK and murine hepatic cytokeratin was also assessed, and HCK was shown to be cross
reactive with an antiserum toward mouse liver cytokeratin
(anti-MCK)

(Table 3).

Small samples of mouse liver cyto

keratin (MCK) and anti-MCK (produced in guinea pigs) were
kindly provided by Dr. Jane Haley, a fellow investigator in
our laboratory,
al. (1981a).

MCK isolation was by the method of Franke et

Further analysis of the immunochemical relation

ship between MCK and the HCK isolate was carried out using an
antiserum toward HSCK and one toward AH (monoclonal antibody
IIB3, which recognizes a determinant common to both AH and
the HCK isolate).

All of these antibodies displayed a similar

degree of binding to either HCK or MCK (Table 3), attesting to
the cytokeratin nature of our isolate.
3.2.2.2.2.

Non-competitive ELISA.

Following this

initial examination of crossreactivity using solid-phase
ELISA, the relationships between the antibodies and proteins
were further examined by the non-competitive enzyme immuno
assay of Tinberg and Mednick (1981).

One of the ways in

which this technique differs in its design is in assessing
antibody crossreactivity with proteins that are in solution
rather than attached to the solid-phase (Section 2.5.2.).
Antisera dilutions were chosen so that a maximum decline in
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Figure 8.

Differential reactivity of monoclonal

antibody 11ID4 toward AH, HSCK and HCK-derived proteins
adsorbed to microtiter test plate wells.
ELISA, Section 2.5.1.).

(Solid-phas e
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Table 3
Differential reactivities8 of various antibodies with mouse
liver cytokeratin (MCK) and the HCK isolate by ELISA.

Adsorbed Antigen^
Antisera

HCK

MCK

Anti-MCK (1;1000)

1 .358

1 .362

Anti-MCK (1:4000)

0.773

0.857

11B3C

1 .659

1 .648

Anti-HSCKd

0.401

0.336

aA

405 nm/30 min
b0.5 ug/well of each protein was adsorbed to microtiter
test plates.
cAbsorbance (405 nm/30 min) with adsorbed AH = 1.453.
^Absorbance (405 nm/30 min) with adsorbed HSCK = 1.136.
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the B/Bq ratio was obtained with preincubation of the immu
nogenic (control) protein, while maintaining a reasonable
B 0 value,

(B0 values within the range of 0.6 to 1.0 were

considered ideal.)
It was not possible to conclude from the solid-phase
ELISA studies whether HCK was more closely related to AH or
to HSCK since anti-AH and anti-HSCK antibodies bound HCK to
similar degrees (Table 2).

Using the non-competitive assay,

however, HCK appears to be more closely related to AH.

The

crossreactivity between anti-AH and HCK (Fig. 9) was greater
than that between anti-HSCK and HCK (Fig. 10).

Anti-HSCK

did not display any crossreactivity with HCK by this assay.
Anti-AH was also tested for crossreactivity with isolated
HCK bands A and E (data not shown).

Again crossreactivity

was greatest with HCK band E, confirming previous results
using solid-phase ELISA (Table 2).

(The magnitude of the

crossreactiv i ty between anti-AH and HCK band E was nearly
identical to that seen between anti-AH and HCK in Fig. 9).
Antisera prepared against the major AH bands were also
used to examine the relationship between AH and the keratin
components of skin and normal liver.

This was done in an

attempt to determine if crossreactive components might be
concentrated in selected bands.

Each of these antisera

crossreacted with HCK (Figs. 11-13).

An exceptional degree

of crossreactivity was noted with antisera toward the 56 kd
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Figure 9.

A non-competitive ELISA for AH was carried

out on (A) soluble HSCK and AH samples and (B) soluble HCK
and AH samples as described (Section 2.5.2.).

B/Bq refers

to the absorbance at 405 nm normalized to the value at zero
soluble antigen.
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Figure 10.

A non-competitive ELISA for HSCK was carried

out on (A) soluble HCK and HSCK samples and (B) soluble AH
and HSCK samples as described (Section 2.5.2.).

B/Bo refers

to the absorbance at 405 nm normalized to the value at zero
soluble antigen.
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Figure II.

Non-competitive ELISA.

Anti-56K antiserum

was used to compare the reactivities of (A) soluble HCK and
AH samples and (B) soluble HSCK and AH samples as described
(Section 2.5.2.).

B/B0 refers to the absorbance at 405 nm

normalized to the value at zero soluble antigen.
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Figure 12.

Non-competitive ELISA.

Anti-Doublet

antiserum was used to compare the reactivities of (A)
soluble HCK and AH samples and (B) soluble HSCK and AH
samples as described (Section 2.5.2.).

B/Bq refers to

the absorbance at 405 nm normalized to the value at zero
soluble antigen .
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Figure 13.

Non-competitive ELISA.

Anti-38K antiserum

was used to compare the reactivities of (A) soluble HCK and
AH samples and (B) soluble HSCK and AH samples as described
(Sect ion 2.5.2.).

B/Bo refers to the absorbance at 405 nm

normalized to the value at zero soluble antigen.
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and doublet bands of AH, with anti-doublet crossreacting
to very nearly the same extent with HCK as with AH.

These

were the major AH bands which appeared to be most closely
related to HCK on biochemical analysis (based on molecular
weight, Section 3.2.1.).

None of these antisera toward AH

bands displayed meaningful crossreactivity with HSCK, once
again pointing out the high degree of tissue specificity dis
played by these keratin components (Figs. 11-13).
Monoclonal antibody IIB3 displayed a similar degree of
binding to AH and HCK on previous analysis (coupled with a
complete lack of reactivity toward HSCK) (Table 2).

These

results were confirmed by tests with non-competitive ELISA.
Monoclonal antibody IIB3 displayed a substantial and nearly
equal degree of crossreactivity with both AH and HCK (Fig.
14), and the results were nearly identical whether AH or HCK
was adsorbed to the microtiter test wells.
3.2.2.2.3.

Immunoblot Analysis.

The immunochemical

relationships between HCK, AH and HSCK were also examined
by immunoblot techniques.

This allows the visualization of

antibody reactivity with individual polypeptides which have
been separated by SDS-gel electrophoresis.

This is of par

ticular interest when dealing with complex proteins such as
the keratins which are composed of an assembly of biochem
ically distinct polypeptides.

The reactivities of two anti

bodies toward AH (anti-AH and monoclonal antibody IIB3) and
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Figure 14.

ELISA for (A) AH and (B) HCK.

Using

monoclonal antibody IIB3, a non-competitive ELISA was
carried out on soluble HCK and AH samples as described
(Section 2.5.2.).

refers to the absorbance at

405 nm normalized to the value at zero soluble antigen.
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of anti-HSCK were examined.
Anti-AH reacted strongly with HCK, but only bound to
the lower molecular weight polypeptides D through G (Fig. 15).
Anti-AH reacted with AH proteins, staining each of the major
AH bands as well as diffusely staining the background,

The

diffuse immunostaining background noted here was a consistent
finding and does not appear to be due to nonspecific binding
since pre-immune serum did not react at all with AH proteins
(Fig. 15).

There was also staining of a pair of bands at 61

and 63 kd, which nearly correspond to the high molecular
weight pair of HSCK polypeptides (62 and 64 kd, Section
3.2.1 .).
tides .

However, anti-AH did not react with HSCK polypepPre-immune serum exhibited a slight degree of bind-

ing to HSCK polypeptides but did not react with AH or HCK.
Monoclonal antibody IIB3 bound to each of the major
polypeptides of both AH and HCK but did not react with HSCK
(Fig. 15).

Very close correspondence was noted between the

56 kd band of AH and HCK band B and between the lower molec
ular weight doublet band of AH and HCK band D.

In addition

to the major AH bands which were stained, many of the bands
generally considered minor components on account of their
variable staining intensities (Tinberg et al
also stained.

• >

1978) were

Several of these minor components also

appeared to correspond to particular HCK bands.

A band above

the 56 kd band which displayed quite prominent staining
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Figure 15.

Immunoblot analysis of alcoholic hyaline

(AH), normal human liver cytokeratin (HCK) and human stratum
corneum (HSCK) with anti-AH antiserum and monoclonal antibody I IBS.

SDS-polyacry1 amide gel electrophoresis and trans

fer to nitrocellulose paper sheets by blotting were carried
out as described (Section 2.7.).

Lanes 1-3 were incubated

with anti-AH antiserum and lanes 4-6 with monoclonal antibody
IIB3.

Lanes 7-9 show the reactivity of pre-immune guinea pig

serum and is representative of staining by control solutions
(pre-immune guinea pig serum and NS-1 supernatant from nonproducing hybridomas both resulted in slight binding to HSCK
polypeptides, but no reaction with AH or HCK, as shown in
this representative photo).
Coomassie blue.

Lanes 10-12 were stained with
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appeared to correspond to HCK band A.

Other notable corre

spondences were in the pronounced staining of an AH band
which nearly parallels HCK band E, as well as one or two
polypeptides corresponding roughly to HCK bands F and G.

As

seen previously with anti-AH, a pair of bands at 61 and 63 kd
were also stained by IIB3.

Once again, the roughly corre

spondent HSCK bands (62 and 64 kd) were not stained and no
corresponding bands in HCK were noted (Fig. 15).

IIB3 also

stained several lower molecular weight polypeptides (28 and
30 kd) as seen previously with anti-AH.

NS-1 supernatant was

used as the control resulting in light staining of HSCK, but
no staining of AH or HCK polypeptides.
Anti-HSCK reacted with all six of the HSCK bands
(Fig. 16).

A light and diffuse staining was sometimes

noted with certain HCK bands as well, most notably bands D
through G.

No recognition of AH polypeptides was noted.

Antisera dilutions ranging from 1:250 to 1:1000 were employed
and several different AH preparations were tested.

Pre-

immune serum did not bind any of the polypeptides.
3.2.2.2.4.

Immunofluorescence Microscopy.

The immuno

chemical approaches described above utilized isolated mate
rials which may have undergone some modification during
preparation with a concommitant alteration in immunoreactivity.

Consequently, the reactivity of these antibodies was

also examined with immunofluorescence microscopy, since
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Figure 16.

Immunoblot analysis of alcoholic hyaline

(AH), normal human liver cytokeratin (HCK), and human stratum
corneum (HSCK) using an anti-HSCK antiserum,

SDS-polyacry1“

amide gel electrophoresis and transfer to nitrocellulose paper
sheets by blotting were carried out as described (Section
2.7. ) .

Lanes 1-3 were incubated with anti-HSCK and lanes 4-6

with normal rabbit serum (NRS) at the identical dilution.
Lanes 7-9 were stained with Coomassie blue.
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this technique permits the testing of antibody reactivity
with cytoskeletal proteins in their native state, Lo. s.lLu,
and allows the visualization and localization of cross
reactive proteins within the tissue.

Prior to testing anti

sera, representative sections were reacted with preimmune
(or normal) sera and culture supernatant from nonproducing
hybridomas.

No significant staining was observed.

Antibody reactivity with AH, normal human abdominal
skin and normal liver is summarized on Table 4.
the antibodies reacted with AH.

Each of

The only noticable vari

ance was that monoclonal antibody 11ID4 displayed only light
and sometimes variable staining of AH.
Anti-56K reacted more strongly toward normal liver than
other antisera, and in a pattern very similar to that reported
previously for antisera toward liver cytokeratin (Denk et al. ,
1981 and 1982b; Franke et al . , 1981a).

There was a strong

reaction with hepatocytes which was accentuated at the cell
cortices (Fig. 17).
apparent.

Light cytoplasmic staining was also

Anti-AH and anti-38K reacted variably and with

less intensity in a pattern restricted to the cell periphery.
Monoclonal antibody 11ID4 also reacted inconsistently with
normal liver, a very thin intense rim of staining was some
times noted with some unknown structure which appeared to be
either along the outside borders of selected hepatocytes or a
structure lining the sinusoids (Fig. 17).

There was no reac-
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Table 4
Differential staining of alcoholic hyaline (AH), normal
liver and human abdominal skin with antibodies toward AHderived proteins . a

Tissue /Structure
Antibody

AHb

Normal Liver

Anti-AH

+

+ /-

Ant i-56K

+

+

Anti-Doublet

+

Ant i-38K

+

IC1

+

IIB3

+

IIID4

+ /-

Skin

+

+ /-

+ /-

4

a4, positive staining; -, negative staining; 4/-, variable
staining, sometimes negative.
bThese results represent experiments performed using
isolated alcoholic hyaline (Section 2.6.).
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Figure 17.

Immunofluorescence staining of normal human

liver with antibodies toward AH components.
(C) Monoclonal antibody 11ID4.

Arrows denote the thin rim

of staining which was sometimes noted.
control.

(B) Anti-56K.

(A) a representative

Pre-immune guinea pig serum and NS-1 supernatant

from non-producing hybridomas were used as controls for each
experiment.

No staining was noted,

The apparent "staining"

seen here (A) is actually a yellowish-brown pigment sometimes
seen in the livers which were tested.
C, x 380 ) .

(A, x 290; B, x 290;
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tivity with normal liver cells by anti-doublet sera or mono
clonal antibodies IC1 and IIB3.
The absence of normal liver cell reactivity with anti
doublet sera and monoclonal antibody IIB3 (Table 4) was an
unexpected finding since these antibodies displayed the great
est HCK crossreactivity of all the AH-derived antibodies
tested when analyzed by ELISA and immunoblot techniques (Table
2 and Figs. 12, 13 and 15).

The determinants toward which

these sera are reacting do not appear to be available La S.LLU.
(by immunofluorescence microscopy, Table 4).

la S.LLu masking

has been noted previously with antisera toward keratin inter
mediate filaments (Denk et al. , 1982b; Woodstock-Mitchel1 et
al. , 1982 ).

The fact that the cytokeratin determinant toward

which IIB3 is reacting is masked in normal liver cells (Table
4), but not in AH (Fig. 18), indicates the altered arrangement
of the normal liver cytokeratin components present in AH.
To ascertain whether the lack of normal liver cell
reactivity demonstrated by antibody IIB3 was due in part
to the existence of a cryptic antigenic site which could
be exposed La S.LLU, a number of special treatments and modifications of the standard procedure were tested.
treatments included:

These

1) modification of incubation time

for the primary antibody (30 minutes to overnight, both at
room temperature and at 4°C) (Bishop et al., 1978);
2) repeated application of the primary antibody (Gu et al

• »
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Figure 18.

Immunofluorescence staining of alcoholic

liver with monoclonal antibodies toward AH.
antibody IIB3.

(C) Monoclonal antibody IC1.

only AH was stained.

(B) Monoclonal
In each case

The staining corresponds to AH on

hematoxylin and eosin stained sections from the same liver.
(A) NS -1 supernatant control, x 70.

(B and C, x 280).
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1983); 3) various concentrations of the primary antibody
[20X supernatant to 1:500 dilution (Bishop et al., 1978)];
4) various methods of fixation [without fixation, methanol
(10 minutes, -20°C), acetone (5 minutes, -20°C), and methanol
followed by acetone]; and 5) treatment with various deter
gents, denaturants and proteases prior to reaction with
antibodies [Triton X-100 (Gu et al

• >

1983), urea (Hausen and

Dreyer , 1982 ) and trypsin (Huang et al. 1976 ; Curran and
Gregory 1978 and 1980; Rognum et al., 1980)].

None of these

treatments resulted in the emergence of any normal liver cell
reactivity.
Although antibody IC1 appears to be specific for an AH
antigen by our assays (Fig. 7), and does not react with
normal liver cell components, it was also found incidentally
to react with a lung adenocarcinoma that was metastatic to
one of the livers tested (not shown).

This does not rule out

the possibility of an AH specific determinant, however, since
lung adenocarcinomas have been reported to develop AH-like
structures (Michel et al., 1982).

IC1 might be recognizing

an AH determinant in the metastatic tissue.

This possibil

ity is supported by the finding that anti-HSCK and each of
the AH-derived antisera reacted with this tumor as well.
Neither of the other monoclonal antibodies displayed any
reactivity with the tumor.
Only two of the antibodies, anti-56K and 11ID4, dis-
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played any reactivity with epidermal structures (Table 4).
All layers of the epidermis were stained by anti-56K sera
(Fig. 19).

The existence of epidermal keratin immunoreac-

tivity in anti-56K may result from antibodies produced
against determinants unavailable in intact AH which became
accessible during the isolation and purification of individ
ual polypeptide bands.

Monoclonal antibody 11ID4 reacted

strongly with the outer suprabasal layers of the epidermis
(Fig. 19).

Consistent staining was not elicited toward the

lower cellular layers.

A monoclonal antibody with a simi

lar pattern of reactivity (made toward human stratum
corneum keratins) which appeared to be toward keratinizationspecific determinants, has been reported previously (Sun et
al. , 1983 ) .
3.2.3.

Production of HCK Antisera.

In addition to

the above immunochemicals, antibodies toward HCK and toward
the two major HCK polypeptides were prepared.

Anti-HCK,

anti-HCK polypeptide A (anti-HCK band A) and anti-HCK polypep
tide E (anti-HCK band E) were prepared in guinea pigs.

Sera

drawn from these animals prior to immunization did not display
binding to the proteins of interest (by ELISA).
3.2.3.1.

Characterization of HCK Antisera.

A quick

assessment of the reactivity of these antisera, as determined
by solid-phase ELISA, is presented on Table 5.

Anti-HCK

bound to HCK as well as to each of the major HCK bands, dis-
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Figure 19.

Immunofluorescence staining of normal human

abdominal skin with antibodies toward AH components.

Note

the staining of (B) the entire epidermis by anti-56K and (C)
the selective staining of the outer (suprabasal) layers by
antibody IIID4.

Arrows denote the epidermal-dermal junction.

(A) pre-immune serum control, x 370; (B and C, x 280).

A

B

C

99

100

Table 5
Relative reactivities (B/B valuesa) of antibodies toward
HCK-derived proteins with adsorbed HCK antigens by ELISA.

Adsorbed Antigen^
HCK
Band A

HCK
Band E

0.75

0.72

An ti-HCK

BCK
1.0 *c

Anti-HCK Band A

0.48

1.0 * d

0.09

Anti-HCK Band E

1.34

0.75

1.0*e

An tibody

a B/Bo values: Absorbance at 405 nm (B) was normalized to
the value of the reference protein (B ).
Reference proteins are labeled with an
asterisk. Absorbance values for all antigens were obtained in a single run.
b0.5 ug/well of each protein was adsorbed to microtiter
test plates .
CB
dB°=o.99
eB° = 0.9 0
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playing similar reactivity with bands A and E.

An ti-HCK

band E demonstrated considerable crossreactivity with HCK
band A although it bound preferentially to HCK band E.

It

was noted that anti-HCK band E bound to an even greater
extent to HCK than to isolated HCK band E.

Anti-HCK band A

appeared to be quite specific for determinants which appear
to be unique to that band.

There was only a minute amount of

crossreactivity with HCK band E and the level of binding to
HCK was only half that to isolated band A.

This pattern of

a broad crossreactivity being displayed by antisera toward
the lower molecular weight liver cytokeratin bands contrasted
with a high degree of specificity demonstrated by antisera
toward higher molecular weight bands has also been noted by
Denk et al. (1981 and 1982b).
Antisera reactivity toward liver cytokeratins was also
tested by immunofluorescence microscopy.

Anti-HCK reacted

with normal hepatocytes (mouse and human) in a staining
pattern that was most intense at the cell cortices (Fig. 20).
Lighter staining of the cytoplasm was also observed but a
distinct filamentous pattern was not clearly resolved under
the conditions of these experiments.

Anti-HCK band E stained

normal liver in a pattern similar to that seen with anti-HCK,
while anti-HCK band A yielded a light and variable staining
pattern which appeared to be confined to the cell periphery
when observed.

These results are similar to those described
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Figure 20.

Immunofluorescence staining of frozen

sections of normal human and mouse liver with antisera
toward HCK-derived components,

(B) and (C) staining of

human liver with anti-HCK (B, x 200; C, x 410).

(D)

staining of human liver with anti-HCK band E; x260.
staining of normal mouse liver with anti-HCK; x 460.

(F)
(A)

and (E) represent pre-immune serum controls on human and
mouse liver, respectively.

(A and E, x 200.)
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previously (Denk et al . , 1981 , 1982a and 1982b; Franke et al.
1981a).
3.2.3.2.
3.2.3.2.1.

Reaction of BCR Antisera with AH and BSCK.
Solid-phase ELISA.

Anti-HCK and anti-HCK

band E both display a considerable degree of reactivity with
AH and HSCK (Table 6).

Anti-HCK band A, however, demon

strated very little binding to HSCK and virtually none to AH.
Once again we see evidence of the apparent specificity demon
strated by anti-HCK band A, with the quantity of HCK band Alike components present in AH appearing be relatively meager.
The extent of the HSCK reactivity demonstrated by anti-HCK
and anti-HCK band E, with greater binding to HSCK than to
the immunogenic protein (Table 6), was more than could have
been anticipated from the initial immunochemical charaterization of HCK using antisera toward AH and HSCK (Table 2).
These previous results demonstrated a marked disparity
between the keratin systems of the skin and the liver which
is not apparent here.

A similar discrepancy has been

pointed out previously by other investigators using immuno
fluorescence microscopy.

The extent of crossreactivity noted

appeared to be dependent on whether antisera toward epidermal
or liver keratins was employed.

Antisera toward epidermal

keratins (which reacted with the epidermis) did not stain
liver cells (Franke et al., 1978, 1979a and 1979c; Sun et
al . , 1979 ), but antisera toward liver cytokeratins displayed
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Table 6
Relative reactivities (B/Bq valuesa) of antibodies toward
HCK-derived proteins with adsorbed intermediate filament
antigens by ELISA.

Adsorbed Antigen^
An tibody

HCK
*c

HCK
Band A

Anti-HCK

1 .0

Anti-HCK Band A

0.48

0.75
*d
1 .0

Anti-HCK Band E

1 .34

0.75

HCK
Band E

m

HSCK

0.72

0.69

1.10

0.09
*e
1 .0

0.03

0.25

0.72

1 .30

a B/Bq values: Absorbance at 405 nm (B) was normalized to the
value of the reference protein (BQ), Refer
ence proteins are labeled with an asterisk.
Absorbance values for all antigens were ob
tained in a single run.
b0.5 ug/well of each protein was adsorbed to microtiter test
plates .
hBo=0*94
dBQ=o.99
eBQ=0.90
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reactivity with both the epidermis and the liver (Franke et
al . , 19 81a).
S.2.3.2.2.

Non-competitive ELISA.

With application of

non-competitive ELISA, the tissue specific properties of the
epidermal and liver keratins are again apparent, with antiHCK crossreacting to a greater extent with AH than with HSCK.
The crossreactivity of anti-HCK with HSCK was virtually negli
gible (Fig. 21), while the crossreactivity between anti-HCK
and AH (Fig. 21) was of similar magnitude to that observed
in preceeding sections between anti-AH and HCK (Fig. 9).
This apparent discrepancy between the reactivity of anti-HCK
with HSCK depending on the assay employed may be due to the
presence of conformational-dependent antigenic determinants
in HSCK.

The reactivity may be different when the antigen

is presented in soluble form than when it is attached to the
solid-phase.

It has been noted by others that the conforma

tional state or the presence or absence of normal steric
interactions can greatly affect the binding of certain anti
bodies to the keratin intermediate filaments (WoodstockMitchell et al. , 1982 ).
The non-competitive ELISA technique was also employed
to examine the crossreactivity of anti-HCK band A and antiHCK band E with AH.

Considerably more crossreactivity was

noted between anti-HCK band E and AH than between anti-HCK
band A and AH (Fig. 22).

This is in concordance with the
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Figure 21.

Non-competitive ELISA for HCK carried out

on (A) soluble AH and HCK samples and (B) soluble HSCK and
HCK samples as described (Section 2.5.2.).

B/B0 refers to

the absorbance at 405 nm normalized to the value at zero
soluble antigen.
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Figure 22.

Non-competitive ELISA for (A) HCK polypep

tide band A and (B) HCK polypeptide band E carried our on
soluble AH and the respective HCK polypeptide as described
(section 2.5.2.).

refers to the absorbance at 405 nm

normalized to the value at zero soluble antigen.
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results of the ELISA and the immunoblot analyses conducted
previously using anti-AH antisera (Sections 3.2.2.2.1.
and 3.2.2.2.3 . ).
3.2.3.2.3.

Immunoblot Analysis,

The pattern of HCK

and AH immunostaining by anti-HCK (Fig. 23) is similar to
that seen previously with monoclonal antibody IIB3 (Fig. 15).
The major difference is in the reaction of anti-HCK with HSCK
bands, none of which were stained with antibody IIB3.
The reaction of anti-HCK with HCK resulted in heavy
staining of band A and bands D through G.

Band B was not

stained with the consistency or intensity seen following
reaction with antibody IIB3Each of the major AH bands (56 kd, doublet and 38 kd)
were recognized by anti-HCK (Fig. 23).
other bands were stained.

In addition, several

The band directly above the 56 kd

band, which corresponds quite closely to HCK band A (about
58 kd), was quite heavily stained, often to a greater degree
than the 56 kd band.

This is in contrast to the staining pat

tern observed with Coomassie blue, where the 56 kd band is
usually most prominent.
band was also visualized.
by anti-AH and IIB3.

Above this, around 63 kd, a single
A similar band was also stained

This band was at times resolved as a

doublet, with another band visible 1 to 2 kd below.

Addi -

tional staining included a band at 28 kd and several bands
roughly corresponding to HCK bands E through G.
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Figure 23-

Immunoblot analysis of alcoholic hyaline

(AH), normal human liver cytokeratin (HCK) and human stratum
corneum (HSCK) using anti-HCK antiserum.

SDS-polyaerylamide

gel electrophoresis and transfer to nitrocellulose paper
sheets were carried out by blotting as described (Section
2.7.).

Lanes 1-3 were incubated with anti-HCK and lanes 4-6

were incubated with the same concentration of normal guinea
pig serum (NGPS).

Lanes 7-9 were stained with Coomassie blue.
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All of the HSCK bands were recognized by anti-HCK.
The heaviest staining was of the middle pair of bands at 56
and 59.5 kd.

A high molecular weight band of unknown consti

tution or significance (95 kd) was also visualized.

Testing

of the pre-immune serum resulted in slight staining of HSCK
bands, but a complete lack of recognition of AH and HCK
polypept ides.
3.2.3.2.4.

Immunofluorescence Microscopy.

The staining

pattern of normal liver by antisera toward HCK has been
described previously (Section 3.2.3.1, Fig. 20).

Table 7

summarizes the differential staining by these sera of normal
liver, AH and normal human abdominal skin.

Each of the

HCK-derived sera reacted strongly with isolated AH and with
normal skin.

Each of the antisera displayed reactivity with

all layers of the epidermis, although anti-HCK band A, and
to a lesser extent anti-HCK band E, revealed a staining pat
tern which was somewhat more intense toward the outer layers
of the epidermis (Fig. 24).

No staining of the dermis was

observed with any of these sera and pre-immune sera displayed
a complete lack of reactivity.
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Table 7
Differential staining of alcoholic hyaline (AH), normal
liver and human abdominal skin with antibodies toward HCKderived proteins . a

Tissue/Structure
An tibody

ah!

An ti-HCK

+

+

+

Anti-HCK Band A

+

+ /-

+

Anti-HCK Band E

4

4

+

Normal Liver

Skin,.

a 4, positive staining; -, negative staining; +/-, variable
staining, sometimes negative.
^These results represent experiments performed using iso
lated alcoholic hyaline (Section 2.6.).

116

Figure 24.

Immunofluorescence staining of normal human

abdominal skin with anti-HCK antibodies.
anti-HCK band A.

(D) anti-HCK band E.

epidermal-dermal junction.
C and D, x 260; A, x 350).

(B) anti-HCK.

(C)

Arrows denote the

(A) preimmune serum control.

(B,

4.

DISCUSSION

Alcoholic hyaline (AH) is an intracellular structure
found in the liver of 60-80% of patients with alcoholic liver
disease (French et al. , 1977 ).

Recent results from ultra-

structural, biochemical and immunochemical studies indicate
that AH is closely related to the keratin class of inter
mediate filaments (IFs) (French, 1981), filamentous
(10 nm) structures found in nearly all cell types (Lazarides,
1980).

However, the biogenetic relationship between cyto-

keratin (the normal hepatocellular IF) and AH (a patholog
ical IF) is not totally understood at the present time.
A precise structural and compositional comparison between
these two IFs (AH and cytokeratins) is prerequisite to an
understanding of any functional relationship.

Most of the

studies to date have used the mouse model and have not adequately addressed the species and tissue specific differences
in these keratin IFs when attempting to derive comparative
information.

In addition, the majority have not employed

quantitative methods in their comparative immunochemical
analyses.

The present study avoids these shortcomings by

quantitatively comparing human AH with cytokeratins prepared
from human tissues.
4.1 .

Preparation of Human Liver Cytokeratins
The preparation of purified human hepatic cytokeratins
118
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was required prior to any comparative study.

Procedures for

the isolation of IF proteins are generally very similar in
design, and invariably take advantage of a unique character
istic of IFs (e.g

• f

their insolubility in nonionic detergents

such as Triton X-100).

We devised a procedure based on

earlier work with the mouse system (Franke et al

• i

1981a).

Our procedure included a number of modifications to counter
certain properties of the human liver tissue.

The firmer

consistency of the tissue required a more vigorous homogeni
zation for adequate tissue disruption.

A similar requirement

was reported by Denk et al. (1982b) in his isolations from
human liver tissue (reported shortly after our procedure was
developed).

In addition, because autopsy derived material

was used, extra wash steps were employed to remove contamin
ating cytoplasmic material.

Following partial purification,

material was centrifuged through 60% sucrose to remove
nuclear contamination (Marushige and Bonner, 1966), which
has been found to be more prevalent in material stored frozen
prior to use (Tinberg et al

• »

1978 ) .

As a final step, pre

parative SDS-gel electrophoresis was employed for further
purification of integral HCK polypeptides.
Although yield determinations have limited utility in
methods which employ selective solubilization, such as the
one used for HCK isolation, and are seldom reported for IF
preparations, recoveries based on protein were calculated.
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The approximate yield of 11.7% which was determined prior to
the final preparative gel electrophoresis step for removal
of nnon-integralM polypeptide bands, is within the range
which could be expected for the preparation at this stage
since intermediate filaments appear to make up a large
percentage of the total cellular protein.

Estimates range

from 5% for fibroblasts and myoblasts (Holtzer et al., 1982)
to 30% for cultured keratinocytes (Green et al . , 1982 ).

I am

not aware of any published estimate for hepatocytes.
Several lines of evidence suggested that the isolate
prepared was HCK.

Electron microscopic examination revealed

a preponderance of filaments of similar morphology to pre
viously reported IF and cytokeratin preparations (Franke et
al . , 1981b; French et al . , 1982).
Biochemical analysis (SDS-gel electrophoresis) also
revealed similarities to previously reported human and murine
preparations (Denk et al. , 1981 and 1982b; Franke et al
1981a; Moll et al., 1982).

• >

Co-electrophoresis of our prepa

rations with a murine preparation prepared by the method of
Franke et al . (1981a) showed a nearly identical pattern of
bands.

The major bands of human liver cytokeratin (HCK)

exhibited a slightly higher electrophoretic mobility than
those of mouse liver cytokeratin (MCK), a relationship which
was also noted by Denk et al . ( 1982b).
Evidence for the cytokeratin nature of our isolate was
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also provided by immunochemical means.

Employing a solid-

phase ELISA technique, we demonstrated that antisera toward
MCK crossreacted strongly with HCK.

In addition, monoclonal

antibody IIB3, which appears directed toward a cytokeratin
determinant, and an antiserum toward epidermal keratin both
demonstrated a comparable degree of crossreactivity with
either HCK or MCK.
4.2.

Comparative Analysis of Human Keratins
The results of the present study suggest that human AH,

a pathologically induced IF, is closely related to the normal
IF found in human hepatic tissues.

Several lines of evidence

support this conclusion.
Biochemical analysis using SDS-gel electrophoresis
demonstrated qualitative similarities between HCK and human
AH.

For example, HCK and AH were both composed of multiple

polypeptide bands concentrated in the region between 40 and
60 kd.

Neither HCK nor AH possessed major bands correspond-

ing to the high molecular weight HSCK polypeptides (62 and
64 kd).

Such bands were occasionally visualized in AH

patterns, but they were not considered major polypeptides
in either the present studies, or in earlier characteriza
tions (Tinberg et al., 1978), due to their faint and variable
staining intensities.
Immunochemical evidence also indicated similarities
between AH and HCK.

Each of the major polypeptide bands of
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AH and HCK contain crossreacting cytokeratin determinants.
This was confirmed using several polyclonal antibodies as
well as a highly specific monoclonal antibody (IIB3).

This

finding further substantiates the cytokeratin nature of both
AH and HCK since a characteristic feature of the keratin
class of intermediate filaments is the assemblage of a number
of biochemically (electrophoretically) distinct polypeptides
containing crossreactive determinants (Tseng et al

• »

1982 ;

Woodstock-Mitchel1 et al., 1982; Sun et al., 1983).
A previous study which compared murine liver cytokeratin
and the AH-like lesions of gr iseofulvin-treated mice demon
strated a similar, widespread crossreactivity between these
two filament systems (Denk et al., 1982a).

The major point

of difference between our findings and those of Denk et al .
(1982a) is that our immunoblot analyses did not show any
crossreactivity between AH and epidermal keratins (HSCK)
(using antisera toward either AH or HSCK), while the pre
vious study demonstrated reactivity between human epidermal
keratin antisera and the AH-like lesions in mouse livers.
Quantitative immunochemical techniques were also applied
to determine the degree of equivalence between human AH and
normal keratin systems.

This analysis was important since

immunoblot techniques do not indicate the quantitative magni
tude of the crossreactiv i ty which is observed, and biochemi
cal (electrophoretic) similarities between human AH and HCK
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were only qualitative.

Quantitative ELISA techniques demon

strated the presence of a significant quantity of shared
immunoreactive material in AH and HCK.

This finding was best

demonstrated by the use of antisera toward the isolated
major AH polypeptides.

In fact, using antisera toward the

AH doublet bands, AH and HCK displayed nearly identical
levels of reactivity in the non-competitive ELISA systems
used in this study.

These results would support a mechanism

of AH formation involving the condensation and collapse of
normal hepatocellular IFs as one of the steps (Okanoue et al
1985).

• »

In addition to the cytokeratin-1ike material in AH,

there also appears to be a non-keratin component in this
structure.

This is shown by the absence of total crossreac

tivity (between AH and HCK) in the non-competitive ELISA
experiments when antisera toward HCK or intact AH were used.
The use of human epidermal keratin (HSCK) (along with
AH) as a control keratin system for the initial characteri
zation of our HCK isolate led us to discover a degree of
immunochemical disparity between epidermal and liver keratins
which appears to be higher than previously recognized,

While

several non-quantitative observations using polyclonal anti
sera (Section 1.5.) and the discovery of several isolated
determinants by means of monoclonal antibodies (McGee et al.,
1982; Ramaekers et al

• *

1983;) have demonstrated the exis

tence of dissimilarities between these keratins systems,
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quantitative immunochemical analyses of this crossreactivity
employing a number of different antisera and antibodies have
not been previously conducted.

Each of the antisera/anti

bodies of the present study demonstrated this marked dispar
ity.

While HSCK-like components were detectable in HCK and

AH, and immunoreactive-HCK (and AH) material was present in
HSCK (solid-phase ELISA), these appeared to be but minor
constituents (using non-competitive ELISA).

These tissue-

specific properties were evident with each of the methods of
analysis employed in the present study when anti-AH, antiHSCK, monoclonal antibody IIB3, and the three antisera
toward AH bands were examined.

Our antiserum toward HCK,

however, was singular in that while it too displayed a
virtually complete lack of HSCK crossreactivity by non
competitive ELISA, it displayed equal binding to HCK and
HSCK with solid-phase techniques (ELISA and immunoblot
analysis).

It may be that adsorption to the solid-phase

causes a conformational change or opens up cryptic antigenic
determinants in HSCK such that its reactivity with anti-HCK
antiserum is greater than it is in solution.

The conforma

tional state of the antigen, and/or the presence or absence
of normal steric interactions has been noted to greatly
affect the binding of certain antibodies to the keratin
intermediate filaments (Woodcock-Mitchel1 et al

• i

1 982 ) .

Monoclonal antibodies toward AH were produced in an
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attempt to develop immunochemicals with reduced immunocrossreactivity.

Due to the high level of HCK crossreac

tivity seen with polyclonal antisera, such immunochemicals
are useful in studying unique and non-keratin AH determinants
which are present in smaller amounts.

Three monoclonal anti

bodies were produced for the present study.

Two of these

(IC1 and IIID4) proved to have limited efficacy in compara
tive studies since they possessed highly specific reactivity
profiles.

The third antibody, IIB3, did yield useful infor

mation concerning the relationship between the antigens
studied.

This antibody reacted to a similar extent with

either AH or HCK.
toward HSCK.

However, no reactivity could be detected

While IC1 and 11ID4 exhibited only limited

utility in comparative immunochemical analysis, all three
monoclonals yielded interesting results when applied immunocytochemically.
Antibody IC1 reacts with a determinant which may be
unique to AH and does not appear to be present in normal
liver or epidermal cells by any of the techniques employed
in these studies.

Reactivity was also noted incidentally

with a lung adenocarcinoma metastatic to one of the livers
which we tested.

At present the implications of this reac

tivity are not entirely clear, but there are at least two
possible explanations.

First, this pattern of reactivity

does not rule out the possibility that antibody IC1 is
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directed toward an AH-specific determinant since development
of an AH-like lesion in these tumors has been reported
(Michel et al., 1982).

These lesions bind antisera to alco

holic hyaline and possess the ul tras truetural and morpholog
ical properties of AH.

The second possible explanation is

that antibody IC1 is reacting with a tumor-specific antigen
present in AH.
interest.

Either of these findings would be of immense

If antibody IC1 defines an AH-specific determinant,

this would be the first such discovery of which we are aware.
Such an antibody might prove useful for the development of
potential diagnostic applications, as well as providing fur
ther clues to the pathogenesis of alcoholic liver disease.
Should 1CI directed be toward a tumor-specific determinant
this would also be of interest since one theory of AH patho
genesis considers the AH lesion to be a preneoplastic change
or marker (Section 1.4.).

Full understanding of this reac

tivity will await the results of further studies (e.g., test
ing with a full panel of malignant tissues).
The other monoclonal antibody, antibody 11ID4, is
directed toward a determinant which is particularly abundant
in the outer (suprabasal) layers of the epidermis.

There are

similarities in this pattern of reactivity to an antibody
reported by Sun et al. (1983) which reacted with polypep
tides present only in keratinizing epithelia (Tseng et al
1982; Woodcock-Mitchel1 et al., 1982).

• *

It has been hypoth-
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esized that such components may be involved in AH biogenesis
(Section 1.4.).

Further study (e.g •

%

immunoblotting) will be

needed to ascertain with certainty whether 11ID4 is directed
toward keratinization-spec ific determinants.
Three monoclonal antibodies toward AH have been reported
previously (Morton et al

• »

1981; McGee et al

• i

1982).

Two of

these antibodies reacted with liver cytokeratin (and that of
other internal organs), but not with epidermal keratins (by
immunofluorescence microscopy).
to our antibody IIB3.

This reactivity is similar

However, antibody IIB3 and those

reported previously appear to be directed toward separate
determinants since antibody IIB3 reacted with normal liver
cytokeratin only upon isolation; it did not react with normal
liver cells in

(by immunofluorescence microscopy).

This

is again very likely due to a comformational effect or steric
interaction affecting the availability of the determinant.
This distinctive reactivity displayed by antibody IIB3 also
points out the altered state or arrangement of the normal
cytokeratin components which are present in AH since antibody
IIB3 reacted strongly with AH both io. s_Ltu (immunofluorescence
microscopy) and following isolation (ELISA and immunoblot
techniques), while it reacted with normal cytokeratin only
upon isolation.

The third previously reported antibody react

ed with some unknown component within mesenchymal cells which
were present in 4 of 18 alcoholic livers tested.

The signif-
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icance of this reactivity is not yet apparent.
In summary, the present study has demonstrated a biochem
ical and immunochemical relationship between human AH and
normal human liver cytokeratin.

In addition, the monoclonal

antibodies described in this study may prove to be useful
tools for further investigation into the biogenesis of patho
logical derivatives of liver cytokeratins.

5.
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6.

LIST OF ABBREVIATIONS

AH, alcoholic hyaline
Anti-38K, antiserum toward the 38 kd band of alcoholic
hyaline
Anti-56K, antiserum toward the 56 kd band of alcoholic
hyaline
Anti-doublet, antiserum toward the "doublet bands" (46-49
kd) of alcoholic hyaline
ELISA, enzyme-linked immunosorbent assay (plural, ELISAs)
GOT, gamma glutamyl transpeptidase
HAT medium, cell culture medium containing hypoxanthine,
aminopterin and thymidine used in the selection of
spleen cell-myeloma cell hybridomas for monoclonal
antibody production
HBsAg, hepatitis B surface antigen
HBSS, Hanks Balanced Salt Solution
HCK, normal human liver cytokeratin
HGPRT, hypoxanthine-guanine phosphoribosy1 transferase
HRP, horse radish peroxidase
HSCK, human stratum corneum keratin
HT medium, cell culture medium containing hypoxanthine and
thymidine used in the selection of hybridomas
IF, intermediate filament (plural, IFs)
MCK, mouse liver cytokeratin
NS-1 cells, murine myeloma cell line NSI/l-Ag4-l used in
the construction of spleen cell-myeloma cell
hybridomas for monoclonal antibody production
PBS, phosphate buffered saline
PBS-T, phosphate buffered saline containing 0.05% Tween 80
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RPMI 1640, Roswell Park Memorial Institute cell culture
medium 1640
SDS, sodium dodecyl sulfate
SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophores i s
TNM buffer, Tris, sodium chloride and magnesium chloride
buffer used for liver cytokeratin isolation

